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The Addresreo, L(^cturt >, and Essays gathered to- 
gether in this volume have appeared at intervals dur- 
ing the past seven years, and I can give no better 
reason for republishing them in their present form, 
than the fact that three earlier collections of a similar 
nature have been received with favour, and, indeed, 
have not yet ceased to be in request. 

I beg leave to offer my best thanks to the Editors 
and Publishers of the various publications in which 
these pieces have appeared, for their kindly accorded 
permission to reprint them. 

LoMDON. October 1881. 
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SCIENCE AND CULTURE. 

Six years ago, as some of my present hearers may 
remember, I had. the priyilege of addressing a lar^ 
Ef^emblage of the inhabitants of this city, who had 
gathered together to do honour to the memory of their 
famous townsman, Joseph Priestley;* and, if any satis- 
faction attaches to posthumous glory, we may hope that 
the manes of the burnt-out philosopher were then finally 
appeased. 

No man, however, who is endowed with a fair share 
of common sense, and not more than a fair share of 
vanity, will identify either contemporaty or posthumous 
fame with the highest good ; and Priestley's life leaves 
no doubt that he, at any rate, set a much higher value 
upon the advancement of knowledge, and the promotion 
of that freedom of thought which is at once the cause 
and the consequence of intellectual progress. 

Hence I am disposed to think that, if Priestley could 
be amongst us to-day, the occasion of our meeting would 
afford him even greater pleasure than the proceedings 
whidi celebrated the centenary of his chief discovery. 

* See Jo9qih Friestie^, p. 102, iitfra. 
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The kindly heart ^uld be moved, the high Bense of 
Bocial dnt]c;^onld|be lutiBfied, by the spectacle of well- 
earned weal^nmQrof sqaandered in tawdry loxory and 
vainglorious iLtrw, nor scattered with the careless char^ 
ity which bleseee neither him that gives nor him that 
takes, but expended in the ezecntion of a well-concdtil- 
eni plan for the aid of present and future generations ^- 
of Oiose who are willing to help themselves. 

We shall all be of one mind thos far. Eat it is 
needful to share Priestley's keen interest in physical 
science; and to have learned, as he had learned, the 
value of scientific training in fields of inquiry apparently 
far remote from physical science; in order to appre- 
ciate, as he would have appreciated, the value of the 
noble gift which Sir Josiah Mason has bestowed upon 
the inhabitants of the Midland district. 

For UB children of the nineteenth oentuiy, however, 
tlifl (wtjiHishment of a college under the conditions of 
Mason's Tmst, has a significance apart from 
it could have possessed a hundred years ago. 
I to be an indication that we are reaching the 
he battle, or rather of the long series of bat 
I have been fonght over education in a cam- 
^ b^an long before Priestley's time, and will 
Qot be finished jnst yet. 
last centnry, the combatants were the cbam- 
ncient literature, on the on© side, and those of 
tetatore on the other ; but, some thirty years * 
ocMT of the introdnctiou of pbyriml adenoe Into general edo- 
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SOIElirOE AND OULTUBE. 9 

ago, the oontefit became complicated by the appearance 
of a third army, ranged romid th^ banner of Physical 
Science. 

I am not aware that any one has authority to Bpeak 
in the name of this new host. For it must be admitted 
to be somewhat of a guerilla force, composed laigely of 
irregolars, each of whom fights pretty much for his own 
hand. But the impressions of a full private, who has 
seen a good deal of service in the ranks, respecting the 
present position of aflEairs and the conditions of a per- 
manent peace, may not be devoid of interest ; and I do 
not know that I could make a better use of the present 
opportunity than by laying them before you. 

From the time that the first suggestion to introduce 
physical science into ordinary education was timidly whis- 
pered, until now, the advocates of scientific education 
have met with opposition of two kinds. On the one 
hand, they have been pooh-poohed by the men of busi- 
ness wEo pride themselves on being the representatives 
of practicality ; while, on the other hand, they have been 
excommunicated by the classical scholars, in their ca- 
pacity of Levites in charge of the ark of culture and 
monopolists of liberal education. 

The practical men believed that the idol whom they 
worship— rule of thumb— has been the source of the 
past prosperity, and will suffice for the future welfare 

cfttion by George Combe and others commenced a good deal earlier; bat 
the movement had acquired hardly any pracUcal force before the time to 
which I refer. 
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of tho arts and mannfactures. Thej were of opinion 
that science is speculative rabbish ; that theory and prac- 
tice have nothing to do with one another ; and that the 
scientific habit of mind is an impediment, rather than an 
aid, in the conduct of ordinary affairs. 

I have used the past tense in speaking of the prac- 
tical men — ^for although they were very formidable thirty 
years ago, I am not sure that the pure species has not 
been extirpated. In fact, so far as mere argument goes, 
they have been subjected to such 2k fen d^enfer that it 
is a miracle if any have escaped. But I have remarked 
that your typical practical man has an unexpected re- 
semblance to one of Milton's angels. His spiritual 
wounds, such as are inflicted by logical weapons, may 
be as deep as a well and as wide as a church door, but 
beyond shedding a few drops of ichor, celestial or other- 
wise, he is no whit the worse. So, if any of these op- 
ponents be left, I will not waste time in vain repetition 
of the demonstrative evidence of the practical value of 
science; but knowing that a parable will sometimes 
penetrate where syllogisms fail to effect an entrance, I 
will offer a story for their consideration. 

' Once upon a time, a boy, with nothing to depend 
upon but his own vigorous nature, was thrown into the 
thick of the struggle for existence in the midst of a 
great manufacturing population. He seems to have had 
a hard fight, inasmuch as, by the time he was thirty 
years of age, his total disposable funds amounted to 
twenty pounds. Nevertheless, middle life found him 
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giving proof of his comprehension of the practical prob- 
lems be bad been roughly called upon to solve, by a 
career of remarkable prosperity. 

Finally, having reached old age with its well-earned 
surroundings of "honour, troops of friends,'' the hero 
of my story bethought himself of those who were mak- 
ing a like start in life, and how he could stretch out a 
helping hand to them. 

After long and anxious reflection this successful prac- 
tical man of business could devise nothing better than 
to provide them with the means of obtaining "sound, 
extensive, and practical scientific knowledge." And he 
devoted a large part of his wealth and five years of 
incessant work to this end. 

I need not point the moral of a tale which, as the 
solid and spacious fabric of the Scientific College as- 
sures us, is no fable, nor can anything which I could 
say intensify the force of this practical answer to prac- 
tical objections. 

r We may take it for granted then, that, in the opin- , 
ion of those best qualified to judge, the diffusion of ( \ 
thorc^figS sciehtific education is an absolutely essential 
condition of industrial progress; and that the College / 
which has been opened to^ay will confer an inestimal 
ble boon upon those whose livelihood is to be gained 
by the practice of the arts and manufactures of the 
district. 

The only question worth discussion is, whether the 
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conditions, under which the work of the College is to 
be carried out, are such as to give it the best possible 
chance of achieving permanent success. 

Sir Josiah Mason, without doubt most wisely, has 
left yeiy large freedom of action to the trustees, to' 
whom he proposes ultimately to commit the administra- 
tion of the College, so that thej may be able to adjust 
its arrangements in accordance with the changing con- 
ditions of the future. But, with respect to three points, 
he has laid most explicit injunctions upon both admistra- 
tors and teachers. 

Party politics are forbidden to enter into the minds 
of either, so far as the work of the College is concerned ; 
theology is as sternly banished from its precincts ; and 
finally, it is especially declared that the College shall 
make no provision for "mere literary instruction and 
education." 

It does not concern me at present to dwell upon the 
first two injunctions any longer than may be needful to 
express my full conviction of their wisdom. But the 
third prohibition brings us face to face with those other 
opponents of scientific education, who are by no means . 
in the moribund condition of the practical man, but 
alive, alert, and formidable. 

It is not impossible that we shall hear this express 
exclusion of "literary instruction and education" from 
a College which, nevertheless, professes to give a high 
and efficient education, sharply criticised. Certainly the 
time was that the Levites of culture would have sounded 
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their tnimpets against its walls as against an educational 
Jericho. 

How often have we not been told that the study of 
I physical science is incompetent to confer culture; that 
it touches none of the higher problems of life ; and, what 
is worse^ that the continual devotion to scientific studies 
tends to generate a narrow and bigoted belief in the 
applicability of scientific methods to the search after 
truth of all kinds. How frequently one has reason to 
observe that no reply to a troublesome argument tells 
so well as calling its author a ^^mere scientific special- 
ist." And, as I am afraid it is not permissible to speak 
of this form of opposition to scientific education in the 
past tense ; may we not expect to be told that this, not 
only omission, but prohibition, of ^^ mere literary instruc- 
tion and education " is a patent example of scientific nar- 
row-mindedness ? 

I am not acquainted with Sir Josiah Mason's reasons 
for the action which he has taken; but if, as I appre- 
hend is the case, he refers to the ordinary classical course 
of our schools and universities by the name of ^^ mere 
literary instruction and education," I venture to offer 
sundry reasons of my own in support of' that action. 

For I hold very strongly by two convictions — ^The i 
first is, that neither the discipline nor the subject-matter 1 
of classical education is of such direct value to the stu- * 
dent of physical science as to justify the expenditure | 
*> of valuable time upon either; and the second is, that . 
for the purpose of attaining real culture, an exclusively j 
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^Boientific edncation is at least as effectaal as an exdu- 

j sively literary education. 

^ I need hardly point out to yon that these opinions, 
especially the later, are diametrically opposed to those 
of the great majority of educated Englishmen, influenced 
as they are by school and university traditions. In their 
belief, culture is obtainable only by a liberal education ; 
and a liberal education is synonymou^ not merely with 
education and instruction in literature, but in one par- 
ticular form of literature, namely, that of Greek and 
Boman antiquity. They hold that the man who has 
learned Latin and Greek, however little, is educated; 
while he who is versed in other branches of knowledge, 
however deeply, is a more or less respectable specialist, 
not admissible into the cultured caste. The stamp of 
the educated man, the University degree, is not for him. 
I am too well acquainted with the generous catho- 
licity of spirit, the true sympathy with scientific thought, 
which pervades the writings of our chief apostle of cul- 
ture to identify him with these opinions; and yet one 
may cull from one and another of those epistles to the 
Philistines, which so much delight all who do not an- 
swer to that name, sentences which lend them some sup- 
port. 

Mr. Arnold tells us that the meaning of culture is 
"to know the best that has been thought and said in 
the world." It is the criticism of life contained in 
literature. That criticism regards "Europe as being, 
for intellectual and spiritual purposes, one great con- 
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federation, bound to a joint action and working to a 
common result ; and whose members haye, for their com- 
mon outfit, a knowledge of Greek, Boman, and Eastern 
antiquity, and of one another. Special, local, and tem- 
porary advantages being put out of account, that mod- 
era nation will in the intellectual and spiritual sphere 
make most progress, which most thoroughly carries out 
this programme. And what is that but saying that we 
too, all of us, as individuals, the more thoroughly we 
cany it out, shall make the more progress?"* 

We have here to deal with two distinct propositions. \ 
The first, that a critidsm of life is the essence of culture ; 
the second, that literature contains the materials which ^y 
suffice for the construction of such a criticism. 

I think that we must all assent to the first proposi-> 
tion. For culture certainly means something quite dif-^ 
ferent from learning or technical skill. It implies the 
possession of an ideal, and the habit of critically estit 
mating the yalue of things by comparison with a theo^ 
retic standard. Perfect culture should supply a complete 
theory of life, based upon a cleaar knowledge alike of its} 
possibilities and of its limitations. 

But we may agree to all this, and yet strongly dissent 
from the assumption that literature alone is competent 
to supply this knowledge. After having learnt all that 
Greek, Boman, and Eastern antiquity have thought and 
said, and all that modem literatures have to tell us, it 
is not self-evident that we have laid a sufficiently broad 

* J&aaya in Criiiciem^ p. 87. 
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iflid deep f onndatioii for that eritieuia of fife wbieh 
eoDstitates eoltme. 

Indeed, to anj one aeqniiiited with the aeope of 
phyrieal fldenee, it is not st all evident. Considering 
progress onlj in the ^ inteDeetoal and flpiritoal sphere^" 
I find myself whollj imaUe to admit that eidier nations 
or indiTidoals will reallj adyanoe, if their eommon oat- 
fit draws nothing from the stores of physieal adenee. I 
shonld aay that an army, without weapons of precision, 
and with no partienlar base of operations, might more 
hopef ally enter upon a campaign on the Shine, than a 
man, devoid of a knowledge of what physical science has 
done in the last c^itary, apon a criticism of life. 

When a biologist meets with an anomaly, he in- 
stinctively tarns to the stady of development to dear 
it ap. The rationale of contradictoiy opinions may 
with eqoal confidence be sought in history. 

It is, happily, no new thing that Englishmen shonld 
employ their wealth in building and endowing institu- 
tions for educational purposes. But, five or six hundred 
years ago, deeds of foundation expressed or implied con- 
ditions as nearly as possible contrary to those which have 
been thought expedient by Sir Josiali Mason. That is 
to say, physical science was practically ignored, while a 
certain literary training was enjoined as a means to the 
acquirement of knowledge which was essentially theo- 
logical. 

The reason of this singular contradiction between the 
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actionB of men alike animated bj a strong and disin- 
terested desire to promote the welfare of their fellows, 
is easily discovered. 

At that time, in fact, if any one desired knowledge 
beyond snch as conld be obtained by his own observa- 
tion, or by common conversation, his first necessity was V 
to learn the Latin language, inasmuch as all the higher \ 
knowledge of the western world was contained in works ] 
written in that language. Hence, Latin grammar, with / 
logic and rhetoric, stadied through Latin, were the fun- 
damentals of education. With respect to the substance 
of the knowledge imparted through this channel, the 
Jewish and Christian Scriptures, as interpreted and sup- 
plemented by the Bomish Church, were held to contain 
a complete and infallibly true body of information. 

Theological dicta were, to the thinkers of those days, 
that which the axioms and definitions of Euclid are to 
the geometers of these. The business of the philosophers 
of the middle ages was to deduce from the data furnished 
by the theologians, conclusions in accordance with eccle- 
siastical decrees. They were allowed the high privilege 
of showing, by logical process, how and why that which 
the Church said was true, must be true. And if their 
demonstrations fell short of or exceeded this limit, the 
Church was maternally ready to check their aberrations, 
if need be, by the help of the secular arm. 

Between the two, our ancestors were furnished with 
a compact and complete criticism of life. They were 
told how the world began, and how it would end ; they 
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learned that all material existence was but a base and in.- 
significant blot upon the fair face of the spiritual world, 
and that nature was, to all intents and purposes, the play- 
ground of the devil; they learned that the earth is the 
centre of the visible universe, and that man is the cyno- 
sure of things terrestrial; and more especially is it in- 
culcated that the course of nature had no fixed order, 
but that it could be, and constantly was, altered by the 
agency of innumerable spiritual beings, good and bad, 
according as they were moved by the deeds and prayers 
of men. The sum and substance of the whole doctrine 
was to produce the conviction that the only thing really 
worth knowing in this world was how to secure that 
place in a better which, under certain conditions, the 
Church promised. 

Oor ancestors had a living belief in this theory of 
life, and acted upon it in their dealings with education, 
as in all other matters. Culture meant saintliness — after 
the fashion of the saints of those days; the education 
that led to it was, of necessity, theological ; and the way 
to theology lay through Latin. 

That the study of nature — ^further than was requisite 
for the satisfaction of everyday wants — should have any 
bearing on human life was far from the thoughts of men 
thus trained. Indeed, as nature had been cursed for 
man's sake, it was an obvious conclusion that those who 
meddled with nature were likely to come into pretty 
close contact with Satan. And, if any bom scientific in- 
vestigator followed his instincts, he might safely reckon 
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upon earning the reputation, and probably npon Buffering 
the fate, of a sorcerer. 

H^d the western world been left to itself in Chinese 
isolation, there is no saying how long this state of things 
might have endured. But, happily, it was not left to 
itself. Even earlier than the thirteenth century, the de- 
velopment of Moorish civilisation in Spain and the great 
movement of the Crusades had introduced the leaven 
which, from that day to this, has never ceased to work. 
At first, through the intermediation of Arabic transla- 
tions, afterwards, by the study of the originals, the west- 
em nations of Europe became acquainted with the writ- 
ings of the ancient philosophers and poets, and, in time, 
with the whole of the vast literature of antiquity. 

Whatever there was of high intellectual aspiration or 
dominant capacity in Italy, France, Germany, and Eng- 
land, spent itself for centuries in taking possession of 
the rich inheritance left by the dead civilisations of 
Greece and Bome. Marvellously aided by the invention 
of printing, classical learning spread and flourished. 
Those who possessed it prided themselves on having at- 
tained the highest culture then within the reach of man- 
kind. 

And justly. For, saving Dante on his solitary pin- 
nacle, there was no figure in modem literature at the 
time of the Eenascence to compare with the men of anti- 
quity ; there was no art to compete with their sculpture ; 
there was no physical science but that which Greece had 
created. Above all, there was no other example of per- 
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feet intellectual freedom— of the imlieBitating acceptance 
of reason as the eole guide to truth and the supreme 
arbiter of conduct. 

The new learning necessarily soon exerted a profound 
influence upon education. The language of the monks 
and schoolmen seemed little better than gibberish to 
scholars fresh from Yirgil and Cicero, and the study of 
Latin was placed upon a new foundation. Moreover, 
Latin itself ceased to afford the sole key to knowledge. 
The student who sought the highest thought of anti- 
quity, found only a second-hand reflection of it in Ho- 
man literature, and turned his face to the full light of 
the Oreeks. And after a battle, not altogether dissimilar 
to that which is at present being fought over the teach- 
ing of physical science, the study of Greek was recog- 
nised as an essential element of all higher education. 

Thus the Humanists, as they were called, won the 
day ; and the great reform which they effected was of 
incalculable service to mankind. But the Nemesis of aU 
reformers is finality; and the reformers of education, 
like those of religion, fell into the profound, however 
common, error of misteking the begimiing for the end 
of the work of reformation. 

teenThlT""'"','*^^'' ^^ the Humanists, in the nine- 
teenth centuxy, take their stand upon classical education 
as the sole avenue to enlfm^ ^ , 

lectnal relations of the mod ^^ ^' ^"*®°* 
a« profoundly diffe~r,+ * ^"^ ^^ *^® andent worlds 

y different from those which obtained three 
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The period of the Benasoenoe is commonly called 
that of the ^Bevival of Letters/' as if the influences 
then brought to bear upon the mind of Western Europe 
hal^been wholly exhausted in the field of literature. I 
think it is very commonly forgotten that the revival of 
sdenoe, effected by the same agency, although less con- 
spicnonSy was not less momentous. 

In fact, the few and scattered students of nature of 
that day picked up the due to her secrets exactly as it 
fell from the hands of the Oreeks a thousand years 
before. The foundations of mathematics were so well 
laid by them, that our children learn their geometry 
from a book written for the schools of Alexandria two 
thousand years ago. Modem astronomy is the natural 
continuation and developm^t of the work of Hipparchus 
and of Ptolemy ; modem physics of that of Democritus 
and of Archimedes; it was long before modem bio- 
logical science outgrew the knowledge bequeathed to us ^^ 
by Aristotle, by Theophrastus, and by Oalen. 

We cannot know all the best thoughts and sayings 
of the Greeks unless we know what they thought about 
natural phenomena. We cannot fully apprehend their 
criticism of life unless we understand the extent to 
which that criticism was affected by scientific concep- 
tions. We falsely pretend to be the inheritors of their 
culture, unless we are penetrated, as the best minds 
among them were, with an unhesitating faith that the 
free employment of reason, in accordance with scientific 
method, is the sole method of reaching troth. 
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*^^^ i Kevertheless, I am the last pereoxi to question the\ 

,^ gqwitance of genuine literary education, or to suppose \ 

.- . i--4at intellectual culture can be complete without it. An 

tclusivelj scientific training will bring about a mental 

^inlst as surely as an exdusively literary training. The 

^ Aiue of the cargo does not compensate for a ship's being 

jut of trim; and I should be very sorry to think that 

^e Scientific College would turn out none but lop-sided 

ftien. 

^:' There is no need, however, that such a catastrophe 

, should happen. Instruction in English, French, and 

.^ German is provided, and thus the three greatest litera- 

^, tnres of the modem world are made accessible to the 

. student. 

\. French and German, and especially the latter lan- 

"0 S^^9 ^6 absolutely indispensable to those who desire 

^ full knowledge in any department of science. But even 

^f; supposing that the knowledge of these languages ao- 

y;.: quired is not more than sufficient for purely scientific 

purposes, every Englishman has, in his native tongue, an 

^' almost perfect instrument of literary expression ; and, in 

t> his own literature, models of every kind of literary ex- 

\i cellence. If an Englishman cannot get literary culture 

-; out of his Bible, his Shakspeare, his Milton, neither, in 

my belief, will the profoundest study of Homer and 

Sophocles, Virgil ai^d Horace, give it to him. 

Thus, sincQ the constitution of the College makes 
sufficient provision for literary as well as for scientific 
education, and since artistic instruction is also contem- 
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plated, it seemb to me that a fairly complete cnltnre is 
offered to all who are willing to take advantage of it. 

But I am not sure that at this point the ^^ practical" 
man, scotched but not slain, maj ask what all this talk 
about cnltnre has to do with an Institution, the object 
of which is defined to be ^^ to promote the prosperity of 
the manufactures and the industry of the country." 
He may suggest that what is wanted for^tiiis end is not 
culture, nor eyen a purely scientific discipline, but sim- 
ply a knowledge of applied science. 

I often wish that this phrase, ^^ applied ^ence," had 
never been invented. For it suggests thax there is a 
sort of scientific knowledge of direct practical use, which 
can be studied apart from another sort of scientific 
knowledge, which is of no practical utility, and which 
is termed "pure science." But there is no more com- 
plete fallacy than this. What people call applied science 
is nothing but the application of pure science to par- 
ticular classes of problems. It consists of deductions 
from those general principles, established by reasoning 
and observation, which constitute pure science. Ko 
one can safely make these deductions until he has a 
firm grasp of the principles ; andjde can obtain that 
grasp only by personal experience of the operations 
of observatiou mi 9f y^l^oning on which they are 
founded. 

Almost all the processes employed in the arti and 
i^^nufactures fall within the range either of phycdca &f 
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of chemistry. In order to improve them, one most thor- 
oughly understand them; and no one has a chance ol 
really understanding them, unless he has obtained that 
mastery of principles and that habit of deahng with 
facts, which is giyen by long-continued and well-directed 
purely scientific training in the physical and the chemi* 
cal laboratory. So that there really is no question as to 
the necessity of purely scientific discipline, eyen if the 
work of the College were limited by the narrowest in- 
terpretation of its stated aims. 

And, as to the desirableness of a wider culture than ' 
that yielded by science alone, it is to be recollected that 
the improvement of manufacturing processes is only one i 
of the conditions which contribute to the prosperity of 1 
industry. Industry is a means and not an end; and 
mankind work only to get something which they want. 
What that something is depends partly on their innate, I 
and partly on their acquired, desires. 

If the wealth resulting from prosperous industry is 
to be spent upon the gratification of unworthy desires, if 
the increasing perfection of manufacturing processes is 
to be accompanied by an increaaing debasement of those 
who carry them on, I do not see the good of industry 
and prosperity. 

Now it is perfectly true that men's views of what 
is desirable depend upon their characters ; Xd that the 
innate proclivities to which we give that name are not 
touched by any amount of instruction. But it does not 
follow that eyen mere intellectual education may not, to 
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I 

^ an indefinite extent, modify the practical manifestation 

of the characters of men in their actions, by supplying 

\ them with motives nnknown to the ignorant. A pleas- 

\ ure-loying diaracter will haye pleasure of some sort ; 

\ bnt, if yon give him the choice, he may prefer pleasures 
Vhich do not degrade him to those which do. And this 
(^oice is ofEered to every man, who possesses in literary 
or artistic culture a never-failing source of pleasures, 
which are neither withered by age, nor staled by cus- 

• tom, nor embittered in the recollection by the pangs of 
self-reproach. 

If the Institution opened to-day fulfils the intention 
of its founder, the picked intelligences among all classes 
of the population of this district will pass through it. 
No child bom in Birmingham, henceforward, if he have 
the capacity to profit by the opportunities oflEered to 
him, first in the primary and other schools, and after- 
wards in the Scientific College, need fail to obtain, not 
merely the instruction, but the culture most appropriate 
to the conditions of his life. 

Within these walls, the f utare employer and the 
re artisan may sojourn together for a while, and 

, o^ga all their lives, the stamp of the influences 
tnen brought ^ v 
besid th ^^ upon them. Hence, it is not 

industr /^ ^ ^ remind you, that the prosperity of 
.manufactn^^^^^^ ^^^ merely upon the improvement of 
^f the indi ^'^ ^''^^sses, not merely upon the ennobling 
iiamely, a cl ^^^ ^^^^ter, but upon a third condition, 

^^^derstanding of the conditions of social 
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life fin the pa rt of both the capitaliBt and the operatiye, 
and their agreement upon' common principles of social 
action. They mnst learn that social phenomena are as 
mnch the expression of natural laws as anj others ; that 
no social arrangements can -be permanent nnless theyi 
harmonise with the requirements of social statics and.; 
dynamics; and that, in the nature of things, there is an 
arbiter whose decisions execute themselves. 

But this knowledge is only to be obtained by the r; 
application of the methods of investigation adopted in i 
physical researches to the investigation of the phe- > 
nomena of society. Hence, I confess, I should like to see 
one addition made to the excellent scheme of education 
propounded for the College, in the shape of provision for 
the tea^ingjaf^Sociolo^. For though we are all agreed 
tTSF^JtypSticfl a« to have no placje in the instruction 
of the College ; yet in this country, practically governed 
as it is now bynniversal suffrage, every man who does 
his duty must exercise political functions. And, if the 
evils which are inseparable from the good of political 
liberty are to be checked, if the perpetual osciQation of 
nations between anarchy and despotism is to be replaced 
by the steady march of self -restraining freedom ; it will 
be because men will gradually bring themselves to deal 
with political, as they now deal with scientific questions ; 
to be as ashamed of undue haste and partisan prejudice 
in the one case as in the other ; and to believe that the \ 
machineiy of society is at least as delicate as that of a 
spinning-jenny, and as little likely to be improved by the * 
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]f meddling of thoee who have not taken the trouble to 

/ master the principles of its action* 

In conclusion, I am sure that I make myself the 
mouthpiece of all present in offering to the venerable 
founder of the Institution, which now commences its 
beneficent career, our congratulations on the completion 
of his work ; and in expressing the conviction, that the 
remotest posterity will point to it as a crucial instance of 
the wisdom which natural piety leads all men to ascribe 
to their ancestors. 



n. 

UNIVEBSITIES : ACTUAL AND IDEAL. 

Elected bj the suffrages of yonr four Nations, Sector 
of the ancient Universily of which jon are scholars, I 
take the earliest opportnnit j which has presented itself 
since mj restoration to health, of delivering the Address 
which, by long castom, is expected of the holder of 
my office. 

My first duty in opening that Address, is to offer 
yon my most hearty thanks for the signal honour you 
have conferred upon me — an honour of which, as a man 
unconnected with yon by personal or by national ties, 
devoid of political distinction, and a plebeian who stands 
by his order, I could not have dreamed. And it was the 
more surprising to me, as the five-and-twenty years 
which have passed over my head since I reached intel* 
lectual manhood, have been largely spent in no half- 
hearted advocacy of doctrines which have not yet found 
favour in the eyes of Academic respectability ; so that, 
when the proposal to nominate me for your Sector came, 
I was almost as much astonished as was Hal o' the 
Wynd, "who fought for his own hand," by the Black 
Douglas's proffer of knighthood. And I fear that my 
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acceptance must be taken as evidence that, less wise than 
the Armonrer of Perth, I have not yet done with sol- 
diering. 

In fact, if, for a moment, I imagined that jonr in- 
tention was simply, in the kindness of yonr hearts, to 
do me hononr; and that the Eector of your Univer- 
sity, like that of some ot^er Universities, was one of 
those happy beings who sit in gloiy for three years, with 
nothing to do for it save the making of a i^ech, a con- 
versation with my distinguished predecessor soon dis- 
pelled the dream. I found that, by the constitution of 
the University of Aberdeen, the incumbent of the Re©- 
torate is, if not a power, at any rate a potential energy ; 
and that, whatever may be his chances of success or fail- 
ure, it is his duty to convert that potential energy into 
a living force, directed towards such ends as may seem 
to him conducive to the welfare of the corporation of 
which he is the theoretical head. 

I need not tell you that your late Lord Rector took 
this view of his position, and acted upon it with the 
comprehensive, far-seeing insight into the actual condi- 
tion and tendencies, not merely of his own, but of other 
countries, which is his honourable characteristic among 
statesmen. I have already done my best, and, as long 
as I hold my office, I shall continue my endeavours, to 
follow in the path which he trod; to do what in me 
lies, to bring this University nearer to the ideal — alas, 
that I should be obliged to say ideal — of all Universi- 
ties; which, as I conceive, should be places in which 
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jhop ght is free from all fettere ; and in which all sonrceB 
of knowledge, and ail aids to learning, riionld be acces- 
sible to all comers, without distinction of creed or conn- 
try, riches or poverty. 

Do not suppose, however, that I am sangoine enough 
to expect much to come of any poor efforts of mine. 
If your annals take any notice of my incumbency, I 
shall probably go down to posterity as the Sector who 
was always beaten. But if they add, as I think they 
win, that my defeats became victories in the hands of 
my successors, I shall be well content. 

The scenes are shifting in the great theatre of the 
world. The act which commenced with the Protestant 
Reformation is nearly played out, and a wider and a 
deeper diange than fiiat effected three centuries ago— a 
reformation, or rather a revolution of thought, the ex- 
tremes of which are represented by the intellectual heirs 
of John of Leyden and of Ignatius Loyola, rather than 
by those of Luther and of Leo— is waiting to come on, 
nay, visible behind the scenes to those who have good 
eyes. Men are beginning, once mord, to awake to the 
fact that matters of belief and of speculation are of ab-i 
solutely infinite practical importance ; and are drawing 
off from that sunny country ^^ where it is always after- 
noon'^ — the sleepy hollow of broad indifferentism — ^to 
range themselves under their natural banuers. Change , 
is in the air. It is whirling feather-heads into all sorts 
of eccentric orbits, and filling the steadiest with a sense 
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of insecurity. It infiists on reopening all qnestionB and 
asking all institntionB, however venerable, by what right 
they exist, and whether they are, or are not, in harmony 
•^th the real or Bupposed wants of mankind. And it t 
is remarkable that these searching inqniries are not bo 
much forced on institutions from without, as developed 
from within. Oonsummate scholars question the value 
of learning ; priests contemn dogma ; and women turn 
their backs upon man's ideal of perfect womanhood, 
and seek satisfaction in apocalyptic visions of some, as 
yet unrealised, epicene reality. 

If there be a type of stability in this world, one 

would be inclined to look for it in the old Universities 

of England. But it has been my business of late to hear 

a good deal about what is going on in these famous 

corporations ; and I have been filled with astonishment 

by the evidences of internal fermentation which they 

exhibit. If Qitbon could revisit the ancient seat of 

eanung of which he has written so cavalierly, assuredly 

bL^^^^ ^o longer speak of " the monks of Oxford 

^ ^ P^judice and port." There, as elsewhere, port 

th t ^ -^^^ ^^ fashion, and so has prejudice — ^at least 

which th ^^^*^ *^®> old, crusted sort of prejudice to 

^deed ^^* historian alludes. 

Oambridfi^* ^^^^ ^^^ moving so fast in Oxford and 

Commission **' ^^^ ^^ ^^^^ ^ rejoiced when the Eoyal 

P^^ented th ^V^^^^^ I am a member, had finished and 

^^ 1 for ^ ^ ^^Port- which related to these Universi- 

^^Id have looked like mere plagiarists, . 
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if, in conseqoenoe of a little longer delay in ifisning it, 
all the meaflnreB of reform we proposed had been an- 
ticipated by the spontaneous action of the Universities 
themselves. 

A month ago I should have gone on to say that one 
might speedily expect changes of another kind in Ox- 
ford and Cambridge. A Oommission has been inquir- 
ing into the revenues of the many wealthy societies, in 
more or less direct connection with the Umversities, 
resident in those towns. It is said that the Commis- 
sion has reported, and that, for the first time in recorded 
histoiy, the nation, and perhaps the Colleges themselves, 
will know what they are worth. And it was announced 
that a statesman, who, whatever his other merits or de- 
fects, has aims above the level of mere party fighting, 
and a dear vision into the most complex practical prob- 
lems, meant to deal with these revenues. 

But, Bos locutvs est. That mysterious independent 
variable of political calculation, Public Opinion — ^which 
some whisper is, in the present case, very much the 
same thing as publican's opinion — ^has willed otherwise. 
The Heads may return to their wonted slumbers — at 
any rate for a space. 

Is the spirit of change, which is working thus vigor- 
ously in die South, likely to afiect the Korthem Uni- 
versities, and if so, to what extent? The violence of 
fermentation depends, not so much on the quantity of 
the yeast, as on the composition of the wort, and its 
richness in fermentable material ; and, as a preliminary 
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to the discuBsion of tlm qneetion, Z ventoire to call to 
your minds the eesential and fundamental differences 
between the Scottish and the English type of XTniyer- 
sity. 

Do not charge me willi anything worse than official 
egotism, if I say that these differences appear to be 
largely symbolised by my own existence. There is no 
Eector in an English University. Now, the organisa- 
tion of the members of an University into Nations, 
with their elective Beotor, is the last relic of the primi- 
tive constitution of Universities. The Beotorate was 
the most important of aU offices in that University of 
Paris, upon the model of which the University of Aber- 
deen was fashioned ; and which was certainly a great 
and flourishing institution in the twelfth century. 

Enthusiasts for the antiquity of one of the two 
acknowledged parents of all Universities, indeed, do 
not hesitate to trace the origin of the ^^ Studium Parisi- 
ense" up to that wonderful king of the Franks and 
Lombards, Earl, sumamed the Oreat, whom we all 
called Charlemagne, and believed to be a Frenchman, 
until a learned historian, by beneficent iteration, taught 
us better. Earl is said not to have been much of a 
scholar himself, but he had the wisdom of which knowl- 
edge is only the servitor. And that wisdom enabled 
him to see that ignorance is one of the roots of al]; 
eviL 

In the Capitulary which enjoins the foundation of 
monasteiial and cathedral schools, he says: '^ Bight ao- 
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tion ifi better than knowledge ; but in order to do whal^ \/ 
is right, we must know what is righf * An irre^ 
fragable tmth, I fancy. Acting npon it, the king 
took pretty full compulsory powers, and carried into 
effect a really considerable and effectual scheme of ele- 
mentary education through the length and breadth of 
his dominions. 

Ko doubt the idolaters out by the Elbe, in what is 
now part of Prussia, objected to the Frankish king's 
measures; no doubt the priests, who had neyer hesi- 
tated about sacrificing all unbelievers in their fontastic 
deities and futile conjurations, were the loudest in chant- 
ing the virtues of toleration ; no doubt they denounced 
as a cruel persecutor the man who would not allow 
them, however sincere they might be, to go on spread- 
ing delusions which debased the intellect, as much as 
they deadened the moral sense, and undermined the 
bonds of civU allegiance; no doubt, if they had lived 
in these times, they would have been able to show, 
with ease, that the king's proceedings were totally con- 
trary to the best liberal principles. But it may be said, 
in justification of the Teutonic ruler, first, that he was 
bom before those principles, and did not suspect that 
the best way of getting disorder into order was to let 
it alone; and, secondly, that his rough and question- 
able proceedings did, more or less, bring about the end 

* ** QmmTiB enim melius sit bene f aoere quam none, prius tamen 
est nosse qvam faoere.**— ^^'Earoli Magni B^is Oonstitutio de Scholis 
per singala Episcopia et Monasteria instituendis/' addressed to the Abbot 
of Folda. Balttzius, ** Capitularia Begum Francorum/' T. i., p. 202. 
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he had in view. For, in a conp]e of centuries, the 
sehools he sowed broadcast produced their crop of men, 
thirsting for knowledge and craving for cnltnre. Bndi 
men gravitating towards Paris, as a light amidst the 
darkness of evil days, from Germany, from Spain, from 
Britain, and from Scandinavia, came together by natn- 
ml affinity. By d^^rees they banded themselves into 
a society, which, as its end was the knowledge of all 
things knowable, called itself a "Siudium Generale;" 
and when it had grown into a recognised corporation, 
acquired the name of " VniversHaa St/udU Cfeneralia," 
which, mark yon, means not a " Uflefol Knowledge So- 
ciety," but a " Knowledge-of -things-in-general Society." 
And thus the first " TXniversity," at any rate on 
this side of the Alps, came into being. Originally it 
had bat one Faculty, that of Arts. Its aim was to be 
a centre of knowledge and culture; not to be, in any 
sense, a technical school. 

he scholars seem to have stndied Grammar, Logic, 
Rhetoric; Arithmetic and Geometiy; Astronomy; 
logy; and Music. Thus, their work, however im< 
ct and &ulty, judged by modem lights, it may 
been, brought tiiem face to face with aQ the 
tig aspects of the many-sided mind of man. For 
Btadies did really contain, at any rate in embryo 
netimes, it may be, in caricature — what we now 
Philosophy, Mathematical and Physical Science, 
^Jt. And I doubt if the curricnlnm of any mod- 
Jniversity shows' so clear and generous a compre- 
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hensioii of what is meant by culture, as this old Tri- 
vimn and Quadrivium does* 

The students who had passed through the XJniver- 
sily course, and had proved themselves competent to 
teach, became masters and teachers of their younger 
brethren. Whence the distinction of Masters and Be- 
gents on the one hand, and Scholars on the other. 

Bapid growth necessitated organisation. The Mas- 
ters and Scholars of various tongues and countries 
grouped themselves into four Nations ; and the Nations, 
by their own votes at first, and subsequently by those 
of their Procurators, or representatives, elected their 
supreme head and governor, the Bector — at that time 
the sole representative of the University, and a very 
real power, who could defy Provosts interfering from 
without; or could inflict even corporal punishment on 
disobedient members within the University. 

Such was the primitive constitution of the Univer- 
sity of Paris. It is in reference to this original state of 
things that I have spoken of the Bectorate, and all that 
appertains to it, as the sole relic of that constitution. 

But this original organisation did not last long. 
Society was not then, any more than it is now, patient 
of culture, as such. It says to everything, ^^ Be useful 
to me, or away with you.^' And to the learned, the 
unlearned man said then, as he does now, "What is 
the use of all your learning, unless you can tell me 
what I want to know? I am here blindly groping 
about, and constantly damaging myself by collision 
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with three mighty powers, the power of ihe inTisible 
God, the power of my fellow Man, and the }x>wer of 
bmte Kature. Let your learning be tnmed to the 
study of these powers, that I may know how I am to 
comport myself with regard to them." In answer to 
this demand, some of the Masters of the Faculty of 
Arts devoted themselves to the study of Theology, 
some to that of Law, and some to that of Medicine ; 
and they became Doctors — ^men learned in those tech- 
nical, or, as we now call them, professional, branches 
of knowledge. Like cleaving to like, the Doctors formed 
schools, or ^Faculties, of Theology, Law, and Medicine, 
which sometimes assumed airs of superiority over their 
parent, the Faculty of Arts, though the latter always 
asserted and maintained its fundamental supr^nacy. 

The Faculties arose by process of natural differentia- 
tion out of the primitive Universiiy. Other constitu- 
ents, foreign to its nature, were speedily grafted upon 
It. One of these extraneous elements was forced into 
it^ by the Boman Church, which in those days asserted 
"^th effect, that which it now asserts, happily without 
aoj effect in these realms, its right of censorship and 
control over aU teaching. The local habitation of the 
^^mversitjr lajr partly ^ ^^ y^^ attached to the monafr 
^eiy of S. Genevieve, partly in the diocese of the Bishop * 
of th A u^ ^^^ would teach must have the licence 

*iVe of th 2^' ^^ ^^ *^® Bishop, as the nearest representa- 
the Chan 17 ^^^' ^^ ^^ ^^ which licence was granted by 
^ ^M of these Ecclesiastics, 
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ThnB, if I am what archffiologiBts call a ^^sarvival" 
of the primitiye head and ruler of the IJniTerBilyy your 
Chancellor stands in the same relation to the Papacy; 
and, with all respect for his Grace, I think I may say 
that we both look terribly idmmken when compared 
with onr great originals. 

!N^ot so is it with a second foreign element, which 
silently dropped into the soil of Universities, like the 
grain of mnstard-seed in the parable; and, like that 
grain, grew into a tree, in whose branches a whole aviary 
of fowls took shelter. That element is the element of 
Endowment. It differed from the preceding, in its 
original design to serve as a prop to the young plant, not 
to be a parasite upon it. The charitable and the hnmane, 
blessed with wealth, were very early penetrated by the 
misery of the poor student. And the wise saw that in- 
tellectual ability is not so common or so unimportant a 
gift that it should be allowed to run to waste upon mere 
handicrafts and chares. The man who was a blessing to 
his contemporaries, but who so often has been converted 
into a curse, by the blind adherence of his posterity to 
the letter, rather than to the spirit, of his wishes — ^I mean 
the ^^ pious founder" — gave money and lands, that the ^ 
student, who was rich in brain and poor in all else, might 
be taken from the plough or from the stithy, and enabled 
to devote himself to the higher service of mankind ; and 
built colleges and haDs in which he might be not only 
housed and fed, but taught. 

The Colleges were very generally placed in strict 
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eubordination to the XTmTerBity by their founders ; but, 
in many cases, their endowment, conBisting of land, has 
Tindei^oDe aa "mie&med increment," which has giren 
these BOcietieB a continnally increasing weight and im- 
portance as against the unendowed, or fixedly endowed, 
University. In Pharaoh's dream, the seven lean kine 
eat op the seveu fat oDes. In the reality of historical 
fact, the fat Colleges have eaten ap the lean Universitiee. 

Even here in Aberdeen, though the canses at work 
may have been somewhat different, the eSects have been 
similar; and yon see how much more substantial an 
entity is the Tery Reverend the Principal, aoalogne, if 
not homologne, of the Principals of King's College, than 
the Keotor, lineal representative of the ancient monarchs 
of the University, though now, little more than a " king 
of shreds and patches." 

Do not suppose that, in thus bri^y tradng the pro- 
cess of UnivOTsity metamorphosis, I have had any inten- 
tion of quarrelling with its results. Practically, it seems 
to me that the broad changes effected in 1868 have given 
the Scottish Universities a very liberal constitution, with 
as much real approximation to the primitive state of 
things as is at all desirable. If your fat kine have eaten 
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the cry for cliange, in the practical application of the 
endowments connected with it. 

In Aberdeen, these endowments are nnmerons, bnt 
so small that, taken altogether, they are not equal to 
the reyenue of a single third-rate English college. They 
are scholarships, not fellowships ; aids to do work — ^not * 
rewards for sach work as it lies within the reach of an 
ordinary, or even an extraordinaiy, yonng man to do. 
You do not think that passmg a respectable examination 
is a fair equivalent for an income, sach as many a gray- 
headed veteran, or clergyman, would envy ; and which 
is larger than the endowment of many Begins chairs. 
Yon do not care to make your University a school of 
manners for the rich; of sports for the athletic; or a 
hot-bed of high-fed, hypercritical refinement, more de- 
structive to vigour and originality than are starvation 
and oppression. No; your little Bursaries of ten and 
twenty (I believe even fifty) pounds a year, enable any 
boy who has shown ability in the course of his education 
in those remarkable primary schools, which have made 
Scotland the power she is, to obtain the highest culture 
the country can give him; and when he is armed and 
equipped, his Spartan Alma Mater tells him that, so far, 
he has had his wages for his work, and that he may go 
and earn the rest. 

When I think of the host of pleasant, monied| well- 
bred young gentlemen, who do a little learning and 
much boating by Cam and Isis, the vision is a pleasant 
one ; and, as a patriot, I rejoice that the youth of the 
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upper and richer dasseg of the nation receive a whole- 
Bome and a manly training, however small may be the 
modicnm of knowledge they gather, in the intervak of 
this, their serious business. I admit, to the full, the 
social and political value of that training. But, when 
I proceed to consider that these young men may be 
said to represent the great bulk of what the Colleges 
have to show for their enormous wealth, plus, at least, 
a hundred and fifty pounds a year apiece which each 
undergraduate costs his parents or guardians, I feel 
inclined to ask, whether the rate-in-aid of the education 
of the wealthy and professional classes, thus levied on 
the resources of the community, is not, after all, a little 
heavy} And, still further, I am tempted to inquire 
what has become of the indigent scholars, the sons of 
the masses of the people whose daily labour just suffices 
to meet their daily wants, for whose benefit th^e rich 
f oimdations were largely, if not mainly, instituted ? It 
seems as if Pharaoh's dream had been rigorously car- 
ried out, and that even the fat scholar has eaten the 
lean one. And when I turn from this picture to the 
no less real vision of many a brave and frugal Scotch 
boy, spending his summer in hard manual labour, that 
he may have the privilege of wending his way in au- 
tumn to this University, with a bag of oatmeal, ten 
pounds in his pocket, and his own stout heart to de- 
pend upon through the northern winter; not bent on 
seeking 

^' The bubble reputation at the cannon's mouth/* 
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bat determixied to wring knowledge from the hard hands 
of penniy ; when I see him win through all such out- 
ward obstacles to positions of wide nsef nlness and well- 
earned fame ; I cannot bat think that, in essence, Aber- 
deen has departed but little from the primitiye intention 
of the founders of TJniyeiBities, and that the spirit of 
reform has so much to do on the other side of the Bor- 
der, that it may be long before he has leisure to look 
this way. 

As compared with other actual Universities, then, 
Aberdeen^ may, perhaps, be well satisfied with itself. 
But do not think me an impracticable dreamer, if I ask 
you not to rest and be thankful in this state of satisfac- 
tion; if I ask you to consider awhile, how this actual 
good stands related to that ideal better, towardsv which 
both m^i and institutions must progress, if they would 
not retrograde. 

In an ideal University, as I conceive it, a man should 
be able to obtain instruction i n all forms , of knowledge, 
and discipline in the use of all the methods by which 
knowledge is obtained. In s uch an JTniverp ity, the force 
of living example should fire the student with a noble 
ambition to emulate the learning of learned men, and 
to follow in the footsteps of the explorers of new fields 
of knowledge. And the very air he breathes should be 
charged with that enthusiasm for truth, that fanaticism 
of veracity, which is a greater possession than much 
learning; a nobler gift than the power of increasing 
knowledge ; by so much greater and nobler than these, 
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as the moral nature of man is greater than the intellee- 
tual; for veracity is the heart of morality. 
^y But the man who is all morality and intdOlect, al- 
though he may be good and even great, is, after all, only 
half a man. There is beauty in the moral world and in 
the intellectual world ; but there is also a beauty which 
is neither moral nor intellectual — the . beauty of the 
world of Art. There are men who are devoid of the 
power of seeing it, as there are men who are bom deaf ^ 
and blind, and the loss of those, as of these, is simply 
infinite. There are others in whom it is an overpower- 
ing passion; happy men, bom with the productive, or 
at lowest, the appreciative, genius of the Artist. But, 
in the mass of mankind, the Esthetic faculty, like the 
reasoning power and the moral sense, needs to be roused, 
directed, and cultivated ; and I know not why the devel- 
opment of that side of his nature, through which man 
has access to a perennial spring of ennobling pleasure, 
should be omitted from any comprehensive scheme of 
University education. 

All Universities recognise Literature in the sense of 
the old Ehetoric, Which is art incarnate in words. Some, 
to their ciredit, recognise Ajrt in its narrower sense, to a 
certain extent, and confer degrees for proficiency in 
some of its branches. If there are Doctors of Music, 
why should there be no Masters of Painting, of Sculpture, 
of Architecture ? I should like to see Professors of the 
Fine Arte in every XTniverdty ; and instruction in eome 
branch of their work made a part of the Arts curriculum. 
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I just now expressed the opinion that, in oar ideal 
University, a man should be able to obtain instruction 
in a]l forms of knowledge. Now, by "forms of knowl- 
edge " I mean the great classes of things knowable ; of 
which the first, in logical, thongh not in natural, order 
is knowledge relating to the scope and limits of the 
mental faculties of man ; a form of knowledge which, 
in its positive aspect, answers pretty much to Logic 
f and part of Psychology, while, on its negative and criti- 
cal side, it corresponds with Metaphysics. 

A second class comprehends all that knowledge 
which relates to man's welfare, so far as it is determined 
by his own acts, or what we call his conduct. It answers 
to Moral and Eeligious philosophy. Practically, it is 
the most directly valuable of all forms of knowledge, 
but speculatively, it is limited and criticised by that 
which precedes and by that which follows it in my 
order of enumeration. 

A third class embraces knowledge of the phenomena 
of the Universe, as that which lies about the individual 
man : and of the rules which those phenomena are ob- 
served to follow in the order of their occurrence, which 
we term lie laws of Nature. 

This is what ought to be called Natural Science, or 
Physiology, though those terms are hopelessly diverted 
from such a meaning ; and it includes all exact knowl- 
edge of natural fact, whether Mathematical, Physical, 
Biological, or Social. 

Kant has said that the ultimate object of all knowl- 
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having ; and that the bufiiness of philosophy was to in- 
terpret and co-ordinate these two. I imagine that in 
the twelfth century this was a veiy fair conclusion from 
known facts. Kowhere in the world, in those days, was 
there such an encyclopsBdia of knowledge of all three 
classes, as is to be found in those writings. The scho- 
lastic philosophy is a wonderful monument of the pa- 
tience and ingenuity with which the human mind toiled 
to bnild up a logically consistent theory of the XJniyersei 
out of such materials. And that philosophy is by no 
means dead and buried, as many vainly suppose. On 
the contrary, numbers of men of no mean learning and 
accomplishment, and sometimes of rare power and sub- 
tlety of thought, hold by it as the best theory of things 
which has yet been stated. And, what is still more re- 
markable, men who speak the language of modem phi- 
losophy, nevertheless think the thoughts of the school- 
men. '^ The voice is the voice of Jacob, but the hands 
are the hands of Esau." Eveiy day I hear "Cause," 
"Law," "Force," "VitaUty," spoken of as entities, by 
people who can enjoy Swift's joke about the meat-roast- 
ing quality of the smoke-jack, and comfort themselves 
with the reflection that they are not even as those be- 
nighted schoolmen. 

Well, this great system had its day, and then it was 
sapped and mined by two influences. The first was the 
st udy o f classical literature, which familiarised men with 
methods of philosophising; with conceptions of the 
highest Good ; with ideas of the order of Kature ; with 
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notions of Literary and Historical Criticism ; and^ above 
all, with visions of Art, of a kind whidi not only would 
not fit into the scholastic scheme, but ediowed them a 
pre-Christian, and indeed altogether un-Christian world, 
of such grandeur and beauty that they ceased to think 
of any other. They were as men who had kissed the 
Fairy Queen, and wandering with her in the dim love- 
liness of the under-world, cared not to return to the 
familiar ways of home and fatherland, though they lay, 
at arm's length, overhead. Cardinals were more familiar 
with Yirgil than with Isaiah ; and Popes laboured, with 
great success, to re-paganise Home. 

The second influence was the slow, but sure, growth 
of _,lha j^jsical sciexxces. It was discovered that some 
results of speculative thought, of immense practical and 
theoretical importance, can be verified by observation; 
and are always true, however severely they may be 
tested. Here, at any rate, was knowledge, to the cer- 
tainty of which no authority could add, or take away, 
one jot or tittle, and to which the tradition of a thousand 
years was as insignificant as the hearsay of yesterday. 
To the scholastic system, the study of dassical litera- 
ture might be inconvenient and distracting, but it was 
possible to hope that it could be kept within bounds. 
Physical science, on the other hand, was an irreconcilable 
enemy, to be excluded at all hazards. The College of 
Cardinals has not distinguished itself in Physics or Physi* 
ology ; and no Pope has, as yet, set up public laboratories 
in the Vatican. 
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People do not always formulate the beUef b on whidi 
they act. ^he instinot of fear and dislike is quicker 
than the reasoning process; and I suspect that, taken 
in conjunction with some other causes, such instinctive 
aversion is at the bottom of the long exclusion of any 
serions discipline in the physical sciences from the gen** 
eral curriculum of Uniyersities ; while, on the other 
hand, classical literature has been gradually made the 
backbone of the Arts course. 

I am ashamed to repeat here what I have said else- 
where, in season and out of season, respecting the value 
of Science as knowledge and discipline. But the other 
day I met with some passages in the Address to another 
Scottish University, of a great thinker, recently lost to 
us, which express so fully, and yet so tersely, the truth 
in this matter, that I am fain to quote them : — 

" To question all things ;— never to turn away from 
any difficulty; to accept no doctrine either from ourselves 
or from other people without a rigid scrutiny by negative 
criticism ; letting no fallacy, or incoherence, or confusion 
of thought step by unperceived ; above all, to insist upon 
having the meaning of a word clearly understood before 
using it, and the meaning of a proposition before assent* 
ing to it ;— these are the lessons we learn " from workers 
in Science. <'With aU this vigorous management of 
the negative element, they inspire no scepticism about 
the reality of truth or indifference to its pursuit. The 
noblest enthusiasm, both for the search after truth and 
for applying it to its highest uses, pervades those writ- 
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ers." ^^In cnltivatiiig, therefore," science as an essen- 
tial ingredient in education, ^^we are all the while lay- 
ing an admirable foundation for ethical and philosophical 
culture." *4r 

The passages I have quoted were uttered bj John 
Stuart Mill ; but you cannot hear inverted commas, and 
it is therefore right that I should add, without delay, 
that I have taken the liberty of substituting "workers 
in science " for " ancient dialecticians," and " Science as 
an essential ingredient in education" for "the ancient 
languages as our best literary education." Mill did, in 
fact, deliver a noble panegyric upon classical studies. 
I do not doubt its justice, nor presume to question its 
wisdom. But I venture to maintain that no wise or just 
judge, who has a knowledge of the facts, will hesitate to 
say that it applies with equal force to scientific training. 

But it is only fair to the Scottish Universities to 
point out that they have long understood the value of 
Science as a branch of general education. I observe, 
with the greatest satisfaction, that candidates for the 
degree of Master of Arts in this University are required 
to have a knowledge, not only of Mental and Moral 
Philosophy, and of Mathematics and Natural Philosophy, 
but of Natural History, in addition to the ordinary 
Latin and Greek course ; and that a candidate may take 
honours in these subjects and in Chemistry. 

I do not know what the requirements of your ex- 

* Inaugural Address deliyered to the Uxdversity of St. Andrews, Feb- 
ruary 1, 1867, by J. a Mill, Beotor of the University (pp. 82, 88). 
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aminers may be, bat I sincerely trust they are not satis- 
fied with a mere book knowledge of these matters. For 
my own part, I wonld not raise a finger, if I could 
thereby introduce mere book work in science into every 
Arts cxirricnlnm in the conntry. Let those who want to 
study books devote themselves to Literature, in wBich 
we have the perfection of books, both as to substance 
and 88 to form. If I may paraphrase Hobbes's well- 
known aphorism, I would say that ^^ books are the money 
of Literature, but only the counters of Science," Science 
(in the sense in which I now use the term) being the 
knowledge of fact, of which every verbal description is 
but an incomplete and symbolic expression. And be 
assured that no teaching of science is worth anything, ( 
as a mental discipline, which is not based upon direct 
perception of the facts, and practical exercise of the 
observing and logical faculties upon them. Even in 
such a simple matter as the mere comprehension of 
form, ask the most practised and widely informed anato- ' 
mist what is the difference between his knowledge of 
a structure which he has read about, and his knowledge 
of the same structure when he has seen it for himself ; 
and he will tell you that the two things are not com- 
parable — ^the difference is infinite. Thus I am very 
strongly inclined to agree with some learned school- 
masters who say that, in their experience, the teaching 
of science is all waste time. As they teach it, I have 
no doubt it is. But to teach it otherwise, requires an i 

amount of personal labour and a development of means 
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and appliances, which most strike horror and disiaaj' 
into a man accnstomed to mere hook work; and wlio 
has been in the hahit of teaching a claae of fifty without 
mnch Btrain npoo his eneigiea. And this is one of the 
real difficoltiea in the way of the introdaction of phja- 
ical science into the ordinary XJiuTerBity coarse, to 
which I have alladed. It is a difficnl^ which will not 
he overcome, ontil years of patient stady have organised 
scientific teaching as well as, or I hope hetter than, 
classical teaching has been organised hitherto. 

A little while ago, I ventured to hint a donht as to 

the perfection of eome of the arrangements in the uident 

Univereities of Englaad ; bat, in their provision for 

giving iostmction in Science as such, and without direct 

reference to any of ita practical applications, they have 

'"iant example. Within the last twenty years, 

jne has snnk more than a hundred and twenty .' 

ponnds in building and famishing Physical, 

mid Physiological Laboratories, and a mag- 

[oseam, arranged with an almost loxnrioas re- 

the needs of the student. Cambridge, less 

aided l^ the manificence of her Chancellor, 

the same coarse ; and, in a few years, it will 

< lack of the means and appliances of soond 

if the mass of English University men remain 

*esent state of barbaroas ignorance of even the 

of scientific coltnre. 

Qother step needs to be made before Science 
id to have taken its proper place in the Uni- 
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versities. That is its recognitioii as a Faculty^ or branch 
of study demanding recognition and special organisation, 
on account of its bearing on the wants of mankind. 
The Faculties of Theology, Law, and Medicine, are 
technical schools, intended to equip men who have re- 
ceived general culture, with the special knowledge which ^' 
is needed for the proper peif ormance of the duties of 
clergymen, lawyers, and medical practitioners. 

When the material well-being of the country de- 
pended upon rude pasture and agriculture, and still 
ruder 'mining ; in the days when all the innumerable 
applications of the principles of physical science to prac- 
tical purposes were non-existent even as dreams; days 
which men living may have heard their fathers speak 
of ; what little physical science could be seen to bear 
directly upon human life, lay within the province of 
Medicine. Medicine w^ the foster-mother of Ohem^ 
istry, because it has to do with the i»«paration of drugs 
and the detection of poisons ; of Botany, because it en- 
abled the physician to recognise medicinal herbs; of 
Comparative Anatomy and Physiology, because the man 
who studied Human Anatomy and Physiology for purely 
medical purposes was led to extend his studies to the rest 
of the imimal world. 

Within my recollection, the only way in which a 

student could obtain anything like a training in Phys* 

^ ioal Science, was by attending the lectures of the Pro- * 

f essors of Physical and Natural Science attached to the 

Medical Schools. But, in the course of the last thirty 
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is to be acquired, not in the lecture-room, nor in tho 
library, but in the dissecting-room and the laboratory, v 
It is to be had, not by sharing yoar attention between 
these and sundry other subjects, but by concentrating 
your minds, week after week, and month after month, 
six or seven hours a day, upon all the complexities of 
organ and function, until each of the greater truths 
of anatomy and physiology has become an organic part 
of your minds— until you would know them if you 
were roused and questioned in the middle of the night, 
as a man knows the geography of his native place and 
the daily life of his home. That is the sort of knowl- 
edge which, once obtained, is a life-long possession. 
Other occupations may fill your minds — ^it may grow 
dim, and seenoi to be forgotten — but there it is, like the 
inscription on a battered and defaced coin, which comes 
out when you warm it. 

If I had the power to remodel Medical Education, 
the first two years of the medical curriculum should be ^^ 
devoted to nothing but such thorough study of Anatomy 
and Physiology, with Physiological Chemistry and Phys- 
ics; the student should then pass a real, practical exam- 
ination in these subjects ; and, having gone throi;igh that 
ordeal satisfactorily, he should be troubled no more with 
them. His whole mind should then be given with equal 
intentness, to Therapeutics, in its broadest sense, to 
Practical Medicine and to Surgery, with instruction in 
Hygiene and in Medical Jurisprudence; and of these 
subjects only — surely there are enough of them — should 
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he be required to show a knowledge in his final exam- 
ination. 

I cannot claim any epedal property in this theory 

of what the medical cnrriealom should be, for I find that 

views, more or lees closely approximating these, are held 

by all who have serionsly considered the veiy grave and 

pressing question of Medical Beform ; and have, indeed, 

been carried into practice, to some extent, by the most 

enlightened Examining Boards. I have heard but two 

kinds of objections to them. There is, first, the objee- 

, tion of vested interests, which I will not deal with here, 

beoaose I want to make myself as pleasant as I can, and 

no discussions are so unpleasant as those which turn on 

such points. And there is, secondly, the much more 

respectable objection, which takes the general form of 

the reproach that, in thus Umiting the currieulum, we 

^seeking to narrow it. We are told that the medical 

irO^J^t ***• ^ * ^"**° °* ^*^ education and general 

eiw, if heroes *h Jt V **''«^* *° ^""^ ^**"5^' **' 

ona fruits from ^ ' ""^ ^°^ ^ *^^® ^ ^^ poison- 

^"igBy as a drZJstt^^ **°^' ***** ^® ^^^^ *** ^^^ 

*o teU sham hark and ^^ '^®°'' **"" ^® ^* °*** ^® *^*® 

be ought to know^Zoor""* ^'°™ *^® ™"^ articles ; that 

ne^er been able to le ***^* *>e<»n8e— well, I really have 

to isiow zoology 1^ ®^actljr ^hy he iB to be expected 

*»<>«, that doctoi, knoTi^' ^''^^' » P«P^ ™pe™ti- 

«' »«tj^ to the general mf^^^* *^^°S« *^«^* -^ <!-««- 

* and may, therefore, be 
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reasonably expected to know the ^' barbarons binomialB " 
applicable to snakes, snails, and sings; an amount of 
information with which the general mind is nsoallj com- 
pletely satisfied. And there is a scientific superstition 
that Physiology is largely aided by Comparative Anato- 
my — a superstition which, like most superstitions, once 
had a grain of truth at bottom; but the grain has be- 
come homoeopathic, since Physiology took its modem 
experimental development, and became what it is now, 
the application of the principles of Physics and Chemis- 
try to the elucidation of the phenomena of life. 

I hold as strongly as any one can do, that the medical 
practitioner ought to be a person of education and good 
general culture ; but I also hold by the old theory of a 
Faculty, that a man should have his general culture 
before he devotes himself to the special studies of that 
Faculty ; and I venture to maintain, that, if the general 
culture obtained in the Faculty of Arts were what it 
ought to be, the student would have quite as much 
knowledge of the fundamental principles of Physics, of 
Chemistry, and of Biology, as he needs, before he com- 
menced his special medical studies. 

. Moreover, I would urge, that a thorough study of 
Human Physiology is, in itself, an education broader 
and more comprehensive than much that passes under 
that name. There is no side of the inteUect which it 
does not call into play, no region of human knowledge / 
into which either its roots, or its branches, do not extend ; 
like the Atlantic between the Old and the Kew Worlds^ 
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song runs: — 

^ If ft Bsatt coold be 

Tor the space of a thoasMid long 

he might do a number of tilings not . ^ xsfO- 

imsent conditions. Methuselah might, with ™^^^^^ 
iwiety, hare taken half a century to get his ^^ ^^ 
d^ree ; and might, very faiHy, haTe been '^^^^^^^ 
paw a practical examination npon the contents 
Britkh Museum, before commencing practice *® * ^ 
iaing jonng fellow of two hnndred, or thereaboTOS. 
you hare four years to do y onr work in, and are turnea 
loose, to gave or slay, at t^ro or three and twenty. 

Now, I put it to yon, whether yon think that, wh^ 
you come down to the realities of life — when yon stand 
by the rick-bed, racking yonir hraiiis for the principles 
which shall furnish yon with the means of intrarparetang 
STmptoms, and forming a rational theory of the condi- 
tion of your patient, it wiU be satisfactory for yon to 
find that those principles are not there — althongh, to vse 
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the examination slang which is nnf ortonatelj too famil- 
iar to me, yon can qnite easilj ^ giro an account of the 
leading pecnliarities of the Ma/rw^piaJia^'* or ^^ enumerate 
the chief characters of the CompodUBj^ or ^^ state the 
class and order of the animal from which Gastoreum is 
obtained." 

I really do not think that state of things will be sat- 
isfactory to you ; I am very sure it will not be so to 
your patient Indeed, I am so i^arrow-minded myself, 
that if I had to choose between two physicians— one 
who did not know whether a whale is a fish or not, v 

and could not tell gentian from ginger, but did under- 
stand the applications of the institutes of medicine to ^ 
his art ; while the other, like Talleyrand's doctor, ^^ knew 
everything, even a little physic" — with all my love for 
breadth of culture, I should assuredly consult the former. 
It is not pleasant to incur the suspicion of an incli- 
nation to injure or depreciate particular branches of 
knowledge. But the fact that one of those which I 
should have no hesitation in excluding from the medi- 
cal curriculum, is that to which my own life has been 
specially devoted, should, at any rate, defend me from 
the suspicion of being urged to this course by any but 
the very gravest considerations of the public welfare. 

And I should like, further, to call your attention to 
the important circumstance that, in thus proposing the 
exclusion of the study of such branches of knowledge 
aB Zoology and Botany, from those compulsoiy upon the 
medical student, I am not, for a moment, suggesting 
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their exclusion from the University. I think that 
sound and practical instruction in the elementary facts 
and broad principles of Biology should form part of the 
Arts Curriculum: and here, happily, my theory is in 
entire accordance with your practice. Moreover, as I 
have already said, I have no sort of doubt that, in view 
of the relation. of Physical Science to the practical life 
of the present day, it has the same right as Theology, 
Law, and Medicine,*to a Faculty of its own in which 
men shall be trained to be professional men of sdence. 
It may be doubted whether Universities are the places 
for technical schools of Engineering, or Applied Chem- 
istry, or Agriculture. But there can surely be little 
question, that instruction in the branches of Science 
which lie at the foundation of these Arts, of a far more 
advanced and special character than could, with any 
propriety, be included in the ordinary Arts Curriculum, 
ought to be obtainable by means of a duly organised 
Faculty of Science in every University. 

The establishment of such a Faculty would have the 
additional advantage of providing, in some measure, for 
one of the greatest wants of our time and country. I 
mean the proper support and encouragement of origi- 
nal research.' 

The other day, an emphatic friend of mine commit- 
ted himself to the opinion that, in England, it is better 
for a man's worldly prospects to be a drunkard, than to 
be smitten with the divine dipsomania of the original 
investigator. I am inclined to think he was not far 
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wrong. And, be it observed, that the question is not, 
whether sach a man shall be able to make as mnch oat 
of his abilities as his brother, of like ability, who goes 
into Law, or Engineering, or Commerce; it is not a 
question of ^^maintaining a due number of saddle horses," 
as Greorge Eliot somewhere puts it — ^it is a question of J 
. living or starving. 

If a student of my own subject shows power and 
originality, I dare not advise him to adopt a scientific 
care^*; for, supposing he is able to maintain himself 
. until he has attained distinction, I cannot give him the 
I assurance that any amount of proficiency in the Bio- 
, logical Sciences will be convertible into, even the most 
, modest, bread and cheese. And I believe that the case 
is as bad, or perhaps worse, with other branches of' 
Science. In this respect Britain, whose immense wealth 
and prosperity hang upon the thread of Applied Science, .' 
is far behind France, and infinitely behind Germany. 

And the worst of it is, that it is very difficult to 
see one's way to any immediate remedy for this state 
of affairs which shall be free from a tendency to become 
worse than the disease. 

Great schemes for the Endowment of Besearch have 
been proposed. It has been suggested, that Laboratories 
for all branches of Physical Science, provided with 
every apparatus needed by the investigator, shall be es- 
tablished by the State: and shall be accessible, under 
due conditions and regulations, to all properly qualified 
persons. I see no objection to the principle of such 
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a proposal If it be legitimate to spend great sams of 
money on pablic Libraries and public collections of 
Painting and Scnlptnre, in aid of the man of letters, or 
the Artist, or for the mere sake of affording pleasore 
to the general public, I apprehend that it cannot be 
illegitimate to do as much for the promotion of scien- 
tific investigation. To take the lowest ground as a 
mere investment of money, the latter is likely to be 
much more immediately profitable. To my mind, the 
difficulty in the way of such schemes is not theoretical, 
but practical. Given the laboratories, how are the in- 
vestigators to be maintained? What career is open to 
those who have been thus encouraged to leave bread- 
winning pursuits i If they are to be provided for by en- 
dowment, we come back to the College Fellowship sys- 
tem, the results of which, for Literature, have not been 
so brilliant that one would wish to see it extended to 
Science ; unless some much better securities, than at pres- 
ent exist, can be taken that it will foster real work. You 
know that among the Bees, it depends on the kind of 
cell in which the egg is deposited, and the quantity 
and quality of food which is supplied to the grub, 
whether it shall turn out a busy little worker or a big 
idle queen. And, in the human hive, the cells of the 
endowed larvae are always tending to enlarge, and their 
food to improve, until we get queens, beautiful to be- 
hold, but which gather no honey and build no comb; 
I do not say that these difficulties may not be over- 
come, but their gravity is not to be lightly estimated. 
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In the meanwhile, there is one step in the direction 
of the endowment of research which is free from such 
objections. It is possible to place the scientific inquirer 
in a position in which he shall have ample leisure and 
opportunity for original work, and jet shall give a fair 
and tangible equivalent for those privileges. The estab- 
lishment of a Faculty of Science in every Universiiy, 
implies that of a corresponding number of Professorial 
chairs, the incumbents of which need, not be so burdened 
with teaching as to deprive them of ample leisure for 
original work. I do not think that it is any impedi- 
ment to an original investigator to have to devote a 
moderate portion of his time to lecturing, or superin- 
tending practical instruction. On the contrary, I think 
it may be, and often is, a benefit to be obliged to take 
a comprehensive survey of your subject; or to bring 
your results to a point, and give them, as it were, a 
tangible objective existence. The besetting sins of the 
investigator are two : the one is the desire to put aside 
a subject, the general bearings of which he has mastered 
himself, and pass on to something which has the at- 
traction of novelty; and the other, the desire for too 
much perfection, which leads him to 

«• '* Add and alter many times, 

Till all be ripe and rotten ; ^ 

to spend the energies which should be reserved for ac- 
tion, in whitening the decks and polishing the guns. 
The obligation to produce results for the instruction 
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of others, seems to me to be a more effectoal check on 
these tendencies, than even the love of nsef olness or the 
ambition for fame. 

Bat supposing the Professorial forces of our Univer- 
sity to be dnlj organised, there remains an important 
question, relating to the teaching power, to be considered. 
Is the Professorial system — ^the system, I mean, of teach- 
ing in the lecture-room alone, and leaving the student 
to find his own way when he is outside the lecture- 
room — adoqute to the wants of learners? In asiswering 
this question, I confine myself to my own province, and 
I venture to reply for Physical Science, assuredly and 
undoubtedly, No. As I have already intimated, prac- 
tical work in the Laboratory is absolutely indispensable, 
and that practical work must be guided ajid superin- 
tended by a sufficient staflE of Demonstrators, who are 
for Science what Tutors are for other branches of study. 
And there must be a good supply of such Demonstra- 
tors. I doubt if the practical work of more than twen- 
on ^^^^ ^^ ^ properly superintended by one Dem- 

^x. J. , * -if we take the workina: day at six hours, 

tnat is lesfl fKa»* i. o ^ ' 

lo*^ 11 twenty minutes apiece— not a very 

large allowance of timA% v i • ^ n * 

correctini? an ' ^^'°^ "" ™'^' 

intellii^ent st ,^^*°^"**® ^^% or even for making an 

^d, no doub ""* ^^^^"^^^ apprehend what he is about. 

t^ tutorial ' • ^^Pplying of a proper amount of 

^f giving pj^"^"^^ teaching, is a difficulty in the way 

^niveisitios aTth"^^^^^*^^ ^ Physical Science in such 

^t of Aberdeen, which are devoid of 
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endowments; and, unlike the English Universities, have 
no moral claim on the funds of richly endowed bodies 
to supply their wants. 

Examination — ^thorough, searching examination — ^is an / 
indispensable accompaniment of teaching ; but I am al- 
most inclined to commit myself to the very heterodox 
proposition that it is a necessary eviL I am a very old 
Examiner, having, for some twenty years past, been oc- 
cupied with examinations on a considerable scale, of all 
sorts and conditions of men, and women too, — from the 
boys and girls of elementary schools to the candidates 
for Honours and Fellowships in the Universities. I wiU 
not say that, in this case as in so many others, the ad- 
age, that familiarity breeds contempt, holds good ; but 
my admiration for the existing system of examination 
and its products, does not wax warmer as I see more of 
it. Examination, like fire, is a good servant, but a bad 
master; and there seems to me to be some danger of 
its becoming our master. I by no means stand alone in 
this opinion. Experienced friends of mine do not hesi- 
tate to say that students whose career they watch, ap- 
pear to them to become deteriorated by the constant 
effort to pass this or that examination, just as we hear 
of men's brains becoming affected by the daily necessity 
of catching a train. They work to pass, not to know ; 
and outraged Science takes her revenge. They do pass, 
and they don't know. I have passed sundry examina- 
tions in my time, not without credit, and I confess I 
am ashamed to think how very little real knowledge 
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underlay the torrent of stnff which I was able to poor 
out on paper. In iact, that which examination, as or- 
dinarily condnctedy teats, is aimj^ a man's power of 
wodL nnder stimuhiB, and his capadtj tat rapidly and 
dearly producing that which, for the time, he has got J 
into his mind. Kow, these facolties are by no means 
to be despised. They are of great vafaie in practical 
life, and are the malring of many an advocate, and of 
many a so-called statesman. But in the pnrsiiit of tnith, 
scientific or other, they ooxmt for very litil^ nnless they 
are snpplemented by that long-oontinned, patient ^in- 
tending of the mind," as Kewton phrased it, which 
makes veiy little show in Examinations. I imagine 
that an Examiner who knows his stndents personally, 
mnst not nnfreqnently have f onnd himself in the posi- 
tion of finding A's paper better than B's, though his 
own jadgment tells him, quite clearly, that B is the man 
who has the laiger share of gennine capacity. 

Again, there is a fallacy about Examines. It is 
'i^ommonly supposed that any one who knows a subject 
|b competent to teach it; and no one seems to doubt 
tt any one who knows a subject is competent to ex- 
le in it. I believe both these opinions to be seri- 
mistakes: the latter, perhaps, the more serious of 
le two. In the first place, I do not believe that any 
who is not, or has not been, a teacher is really 
led to examine advanced students. And in the 
>nd place. Examination is an Art, and a difficult one, 
ich has to be learned like all other arts. 
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Beginners always set too difficult questions — partlj 
because they are afraid of beiag suspected of igno- 
rance if they set easy ones, and partly from not nnder^ 
standing their business. Suppose that you want to 
test the relative physical strength of a score of young 
men. You do not put a hundredweight down before 
them, and tell each to swing it round. If you do, 
half of them won't be able to lift it at all, and only 
one or two will be able to perform the task. You 
must give them half a hundredweight, and see how 
they noanoBuvre that, if you want to form any esti- 
mate of the muscular strength of each. So, a prac- 
tised Examiner will seek for information respecting the 
mental vigour and training of candidates from the way 
in which they deal with questions easy enough to let. 
reason, memory, and method have free play. 

Ko doubt, a great deal is to be done by the care- 
ful selection of Examiners, and by the copious intro- 
duction of practical work, to remove the evils insepa- 
rable from examination ; but, under the best of circum* 
stances, I believe that examination will remain but an 
imperfect test of knowledge, and a still more imperfect 
test of capacity, while it teUs next to nothing about a 
man's power as an investigator. 

There is much to be said in favour of restrictiag 
the highest degrees in each Faculty, to those who have 
shown evidence of such original power, by prosecuting 
a research under the eye of the Professor in whose 
province it lies; or, at any rate, under* conditions which 
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BhaU afford Batisfaxitory proof tliat the work is theirs- 
The notion may sonnd revolutionary, bnt it is really- 
very old; for, I take it, that it lies at the bottom o:f 
that presentation of a ihedfl by the candidate for a doc- 
torate, which has now, too often, become Httle better 
than a matter of form. 

Thus far, I have endeavonred to lay before yon, in 
a too brief and imperfect manner, my views respecting 
the teaching half —the Magistri and Eegentes— of the 
TJnivereity of the Future. Now let me turn to the 
learning half — ^the Scholares. 

If the Universities are to be the sanctuaries of the 
highest culture of the country, those who would enter 
that sanctuary, must not come with unwashed hands. 
If the good seed is to yield its hundredfold harvest, it 
must not be scattered amidst the stones of ignorance, 
or the tares of undisciplined indolence and wantonness. 
On the contrary, the soil must have been carefully pre- 
pared, and the Professor should find that the opera- 
tions of clod-crashing, draining, and weeding, and even 

a good deal of planting, have been done by the School- 
master. 

That is exactly what the Professor does not find in 
any University in the three Kingdoms that I can hear 
of— the reason of which state of things Ues in the 
extremely faulty organisation of the majority of see- 
ondaiy Schools. Students come to the Universities ill- 
prepared in classics and mathematics, not at all pre- 
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pared in anything else ; and half their time is spent in 
learning that which they onght to have known when 
tliey came. 

I sometimes hear it said that the Scottish Universi- 
ties differ from the English, in being to a mnch greater 
extent places of comparatively elementary education for 
a yonnger class of students. But it would seem doubt- 
ful if any great difference of this kind really exists; 
for a high authority, himself Head of an English Col- 
lege, has solemnly affumed that : ^^ Elementary teaching 
of youths under twenty is now the only function per- 
formed by the University;" and that Colleges are 
^^ boarding schools in which the elements of the learned 
languages are taught to youth."* 

This is not the first time that I have quoted those 
remarkable assertions. I should like to engrave them 
in public view, for they have not been refuted; and 
I am convinced that if their import ib once clearly 
apprehended, they will play no mean part when the 
question of University reorganisation, with a view to 
practical measures, comes on for discussion. You are 
not responsible for this anomalous state of affairs now ; 
but, as you pass into active life and acquire the polit- 
ical influence to which your education and your posi- 
tion should entitle you, you will become responsible for 
it, unless each in his sphere does his best to alter it, 
by insisting on the improvement of secondary Schools. 

* " Suggestions for Academical Organisation, with Espedal Reference 

to Oxford." By the Rector of Lincoln. 

4 
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Your present reaponsibility is of another, though 
not less serious, kind. Institutions do not make men^ 
any more than organisation makes life; and even the 
ideal University we have been dreaming about will be 
but a superior piece of mechanism, unless each student 
strive after the ideal of the Scholar. And that ideal, 
it seems to me, has never been better embodied than 
by the great Poet, who, though lapped in luxury, the 
favourite of a Court, and the idol of his countrymen, 
remained through all the length of his honoured years 
a Scholar in Art, in Science, and in life. 

'^ Would^st shape a noble life ? Then oast 
No backward glances towards the past : 
And though somewhat be lost and gone, 
Tet do thou act as one new-bom. 
What each day needs, that shalt thon ask ; 
Each day will set its proper task. 
Give other's work jast share of praise; 
Not of thine own tiie merits raise. 
Beware no fellow man thou hate : 
And so in God's hands leave thj fate.'' * 

* Goethe, Zahme Xenien^ VUrU AUhMhmg. I should be glad to take 
credit for the dose and yigorous English version; but it is my wife's, and 
notndnei 



m. 

TECHNICAL EDUCATION. 

Ajstt candid observer of the phenomena of modem 
society will readily admit that bores must be classed 
among the enemies of the human race; and a little 
consideration will probably lead him to the further ad- 
miflgioii, that no species of that extensive genus of nox- 
ious creatures is more objectionable than the educational 
bore. Convinced as I am of the truth of this great 
social generalisation, it is not without a certain trepi- 
dation that I venture to address you on an educational 
topic. For, in the course of the last ten years, to go 
back no farther, I am afraid to say how often I have 
ventured to speak of education, from that given in the 
primary schools to that which is to be had in the uni- 
versities and medical colleges ; indeed, the only part of 
this wide region into which, as yet, I have not advent- 
ured is that into which I propose to iQtmde to-day. 

Thus, I cannot but be aware that I am dangerously 
near becoming the thing which all men fear and fly. 
But I have deliberately elected to run the risk. For 
when you did me the honour to ask me to address 
you, an unexpected circumstance had led me to occupy 
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myself seriotLBlj with the qnestion of technical edaca- 
tion ; and I had acquired the conviction that there are 
few subjects respecting which it is more important for 
all classes of the conminnitj to have clear and jnst 
ideas than this; while, certainly, there is none which 
is more deserving of attention by the Workmg Men's 
Clnb and Institute Union. 

It is not for me to express an opinion whether the 
considerations, which I am about to submit to you, will 
be proved by experience to be just or not ; but 1 will 
do m^ best to make them clear. Among the Blany 
good things to be found in Lord BaoonV works, none 
is more full of wisdom than the saying that ^^ truth 
more easily comes out of error than out of confusion.'' 
Clear and consecutive wrong-thinking is the next best 
thing to right-thinldng ; so that, if I succeed in clear- 
ing your ideas on this topic, I shaU have wasted neither 
your time nor my own. 

^^ Technical education," in the sende in which the 
term is ordinarily used, and in which I aia now em- 
ploying it, meatis that sort of education which is spe- 
cially adapted to the needs of men whose business in 
life it is to pursue some kind of handicraft; it is, in 
fact, a fine Greco-Latin equivalent for what in good 
vernacular English would be called ^Hhe teaching of 
handicrafts." And probably, at this stage of our prog- 
ress, it may occur to many of you to think of the 
story of the cobbler and his last, and to say to your- 
selves, though you will be too polite to put the question 
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openly to me, What does the speaker know practically 
about this matter} What is his handicraft} I think 
the question is a very proper one, and unless I were 
prepared to answer it, I hope satisfactorily, I should 
have chosen some other theme. 

The fact is, I am, and have been, any time these 
thirty years, a man who works with his hands — a handi- 
craftsman. I do not say this in the broadly metaphor- 
ical sense in which fine gentlemen, with all the delicacy 
of Agag about them, trip to the hustings about elec- 
tion time, and protest that they too are working men. 
I really mean my words to be taken in their direct, 
literal, and straightforward sense. In fact, if the most 
nimble-fingered watchmaker aniong yon will come to 
my workshop, he may set me to put a watch together, 
and I will set him to dissect, say, a blackbeetle's nerves. 
I do not wish to vaunt, but I am inclined to think that 
I shall manage my job to his satisfaction sooner than 
he will do his piece of work to mine. 

In tmth^ anatomy, which is my handicraft, is one 
of the most difficult kinds of mechanical labour, in- 
volving, as it does, not only lightness and dexterity of 
hand, but sharp eyes and endless patience. And you 
must not suppose that my particular branch of science 
is especially distinguished for the demand it makes upon 
skill in manipulation. A similar requirement is made 
npon all students of physical science. The astronomer, 
the electrician, the chemist, the mineralogist, the bot- 
anist, are constantly called upon to perform manual 
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operations of exceeding delicacy. The progress of all 
branches of physical science depends upon observation, 
or on that artificial observation which is termed experi- 
ment, of one kind or another; and, the farther we ad- 
vance, the more practical difficulties surround the inves- 
tigation of the conditions of the problems offered to 
us; so that mobile and yet steady hands, guided by 
clear vision, are more and more in request in the work- 
shops of science. 

Indeed, it has struck me that one of the grounds 
of that sympathy between the handicraftsmen of this 
country and the men of science, by which it has so 
often been my good fortune to profit, may, perhaps, 
lie here. You feel and we feel that, among the so- 
called learned folks, we alone are brought into contact 
with tangible facts in the way that you are. You know 
well enough that it is one thing to write a history of 
chairs in general, or to address a poem to a throne, or 
to speculate about the occult powers of the chair of 
St. Peter ; and quite another thing to make with your 
own hands a veritable chair, that will stand fair and 
square, and afi!ord a safe and satisfactory resting-place 
to a frame of sensitiveness and solidity. 

So it is with us, when we look out from our scien- 
tific handicrafts upon the doings of our learned brethren, 
whose work is untrammelled by anything "base and 
mechanical," as handicrafts used to be called when the 
world was younger, and, in some respects, less wise than 
now. We take the greatest interest in their pursuits; 
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we are edified hj their histories and are charmed with 
their poems, which sometimes iUnstrate so remarkably 
the po'wrers of man's imagination ; some of ns admire 
and even hxunblj try to follow them in their high philo- 
sophical excxirsions, thongh we know the risk of being 
snubbed by the inqniiy whether grovelling dissectors 
of monkeys and blackbeetles can hope to enter into the 
empyreal kingdom of specnlatioiL Bnt still we feel that 
onr business is different ; humbler if you will, though the 
diminution of dignity is, perhaps, compensated by the 
increase of reality; and that we, like yon, have to get 
our work done in a region where little avails, if the 
power of deaUng with practical tangible facts is want- 
ing. You know that clever talk touching joinery will 
not make a chair; and I know that it is of abont as 
much value in the physical sciences. Mother Kature is 
serenely obdurate to honeyed words; only those who 
imderstand the ways of things, and can silently and 
effectually handle them, get any good out of her. 

And now, having, as I hope, justified my assumption 
of a place among handicraftsmen, and put myself right 
with you as to my qualification, from practical knowl- 
^^£^9 to speak abont technical education, I will proceed 
to lay before you the results of my experience as a 
teacher of a handicraft, and tell you what sort of edu- 
^MovL I should think best adapted for a boy whom one 
wanted to make a professional anatomist. 

I should say, in the first place, let him have a good 
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: EDglish elementary edac&tion. I do not mean tbat he 
Bh&U be able to pass in snch and each a standard — that 
may or may not be an eqmralent expression — bnt that 
hie teaching ehall have been Bnch as to have given liim 
command of the common implements of learning and to 
have created a desire for the things of the nnderstandin^. ' 

Further, I shoold like him to know the elements of 

physical science, and especially of physics and chemistry, 

and I should take care that this elementary knowled^ 

was real. I shoold like my aspirant to be able to read a 

scientific treatise in Latin, French, or German, because 

lormons amount of anatomical knowledge is locked 

those langcages. And especially, I should regoire 

ability to draw — I do not mean artistically, for 

is a gift which may be cnltivated bnt cannot be 

dd, bnt with fair accmiicy. I will not say that 

body can learn even this; for the negative devel- 

int of the facility of drawing in some people is 

it miraculous. Still everybody, or almost eveiy- 

, can learn to write; and, as writing is a kind of 

ing, I suppose that the majority of the people who 

ley cannot draw, and give copious evidence of the 

acy of their assertion, could draw, after a fashion, 

ey tried. And that "after a fashion" would be 

r than nothing for my purpoeeB. 

•bove all things, let my imaginary pupil have pro^ 

d the freshness and vigour of yonth in his mind as 

>8 his body. The educational abomination of deso- 

of the present day is &e stimolation of young 
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people to work at high pressure by incessant competitiTe 
examinations. Some wise man (who probably was not 
an early riser) has said of earl^ risers in general, that 
they are oonoeited all the forenoon and stupid all the 
afternoon.. Now whether this is true of early risers in 
the common acceptation of the word or not, I will not 
pretend to say ; but it is too often true of the nnhappy 
children who are forced to rise too early in their classes. 
They are oonoeited all the forenoon of life, and stupid 
all its afternoon. The vigour and freshness, which 
ahonld have been stored up for the purposes of the hard 
struggle for existence in practical life, have been washed 
out of them by precocious mental debauchery — ^by book 
gluttony and lesson bibbing. Their faculties are worn 
out by the strain put upon their callow brains, and they 
are demoralised by worthless childish triumphs before 
the real work of life begins. I have no compassion for 
sloth, but youth has more need for intellectual rest than 
age ; and the. cheerfulness, the tenacity of purpose, the 
power of work which make many a successful man what 
he is^ must often be placed to the credit, not of his hours 
of industry, but to that of his hours of idleness, in boyr 
hood. Even the hardest worker of us all, if he has to 
deal with anything above mere details, will do well, now 
and again, to let his brain lie fallow for a space. The 
next crop of thought will certainly be all the fuller in 
the ear and the weeds fewer. 

This is the sort of education which I should like any 
one who was going to devote himself to my handicraft 
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to undergo. As to knowing anything about anatomy 
itself, on the whole I would rather he left that alone 
until he took it up seiiously in my laboratory. It is 
hard work enough to teach, and I should not like to 
have superadded to that the possible need of unteach- 
ing. 

Well, but, you wiU say, this is Hamlet with the 
Prince of Denmark left out; your ^^ technical educa- 
tion" is simply a good education, with more attention to 
physical science, to drawing, and to modem languages, 
than is common, and there is nothing specially technical 
about it. 

Exactly so; that remark takes us straight to the 
heart of what I have to say ; which is, that, in my judg- 
ment, the preparatory education of the handicraftsman 
ought to have nothing of what is ordinarily understood 
by "technical" about it. 

The workshop is the only real school for a handicraft. 
The education which precedes that of the workshop 
should be entirely devoted to the strengthening of the 
body, the elevation of the moral faculties, and the culti- 
vation of the intelligence; and, especially, to the im- 
buing the mind with a broad and clear view of the laws 
of that natural world with the components of which the 
handicraftsman will have to deal. And, the earlier the 
period of life at which the handicraftsman has to enter 
into actual practice of his (sraft, the more important is it 
that he should devote the precious hours of preliminary 
education to things of the mind, which l^ve no direct 
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*3M. immediate bearing on his branch of industry, though 
^'^^y lie at the foundation of all yealities. 

^ow let me apply the lessons I have learned from 

my liandicraft to yours, K any of you were obliged 

to take an apprentice, I suppose you would like to get a 

good healthy lad, ready and willing to learn, handy, and 

witM^ his fingers not all thumbs, as the saying goes. You 

wo^^d Uk6 that he should read, write, and cipher well ; 

and^ i^ you were an intelligent master, and your trade in- 

Yolvo^ ^e application of scientific principles, as so many 

trades do, you would like him to know enough of the 

elemen£^^ principles of science to understand what was 

going o^3« I suppose that, in nine trades out of ten, it 

would b^ useful if he could draw; and many of you 

must have Z^mented your inability to find out for your- 

selv^es what :foreigners are doing or have done. So that 

some knowledge of French and Gterman might, in many 

cases, be ve^J desirable. 

So it app^Ars to me that what you want is pretty 
mue\i wliat I want ; and the practical question is, How 
yon are to get what you need, under the actual limita- 
tions and conditions of life of handicraftsmen in this 
country < 

I think I shall have the assent both of the employ- 
ers oi labour and of the employed as to one of these 
limitations; which i&y that no scheme of technical edu- 
ca^on is likely to l)e seriously entertained which will 
delay the entrance of boys into working life, or prevent 
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them from contribating towards their own support^ as 
early as they do at present. H'ot only do I believe that 
any such scheme could not be carried out, bat I doubt 
its desirableness, even if it were practicable. 

The period between childhood and manhood is full 
of difficulties and dangers, under the most favourable cir- 
cumstances; and, even among the well-to-do, who can 
afford to surround their children with the most &voiii^ 
able conditions, examples of a career rained, before it 
has well begun, are but too frequent. Moreover, those 
who have to live by labour must be shaped to labour 
early. The colt that is left at grass too long makes but a 
Sony draught-horse, though his way of life does not bring 
him within the reach of artificial temptations. Perhaps 
the most valuable result of all education is the ability 
to make yourself do the thing you have to do, when 
it ought to be done, whether you like it or not ; it is | 

the first leeson that ought to be learned ; and, however 
early a man's training begins, it is probably the last 
lesson that he learns thoroughly. 

There is another reason, to which I have already ad- 
verted, and which I would reiterate, why any extension 
of the time devoted to ordinary school-work is unde- 
sirable. In the newly awakened zeal for education, we 
^n some risk of forgetting the truth that while under- 
^struction is a bad thing, over-instruction may possibly * 
^® a worse. 

Success in any kind of practical life is not depend* 
^^* solely, or indeed chiefly, upon knowledge. Even 
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in the learned prafeflcdons, knowledge, alone, is of less 
0(Hifieqnence than people are apt to sappofie. And, if 
much expenditnre of bodily energy is inyolved in the 
day's work« mere knowledge is of still less importance 
when weighed against the probable cost of its acquire- 
ment. To do a fair day's work with his hands, a man 
needs, above all things, health, strengih, and the patience 
and cheerfulness which^ if they do not always accompany 
these blessings, can hardly in the nature of things exist 
without them ; to which we must add honesty of pur- 
pose and a pride in doing what is done welL 

A good handioraf tsman can get on very well with- 
out genius, but he will fare badly witiiout a reasonable 
share of that which is a more useful possession for work- 
aday life, namely, mother-wit; and he will be all the 
better for a real knowledge, however limited, of the 
ordinaiy laws of nature, and especially of those which 
apply to his own business. 

Instruction carried so far as to help the scholar to 
turn his store of mother-wit to acconnt, to acquire a fair 
amount of sound elementary knowledge, and to use his 
hands and eyes ; while leaving him fresh, vigorous, and 
with a sense of the d%nity oi his own calling, whatever 
it may be, if fairly and honestly pursued, cannot fail to 
be of invaluable service to all those who come under its 
influence. 

But, on the other hand, if school instruction is carried 
so &r as to encourage bookishness; if the ambition of 
the scholar is directed, not to the gaining of knowledge, 
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but to the being able to pass examinatioiis succeBsfnllj; 
especiallj if encouragement is given to the mischieyons 
delusion that brainwork ifl^ in itself, and apart from its 
quality, a nobler or more respectable thing than handi- 
work — ^such education may be a deadly mischief to the' 
workman, and lead to the rapid ruin of the industries 
it is intended to serve. 

I know that I am expressing the opinion of some 
of the largest as well as the most enlightened employ- 
ers of labour, when I say that there is a real danger 
that, from the extreme of no education, we may run 
to the other extreme of over-education of handicrafts- 
men. And I apprehend that what is true for the ordi- 
nary hand-worker is true for the foreman. Activity, 
probity, knowledge of men, ready mother-wit, supple- 
mented by a good knowledge of the general principles 
involved in his business, are the making of a good 
foreman. If he possess these qualities, no amount of 
learning will fit him better for his position; while 
the course of life and the habit of mind required for 
the attainment of such learning may, in various direct 
and indirect ways, act as direct disqualifications for it 

Keeping in mind, then, that the two things to be 
avoided are, the delay of the entrance of boys into 
practical life, and the substitution of exhausted, book- 
worms for shrewd, handy men, in our works and fac- 
tories, let us consider what may be wisely and safely 
attempted in the way of improving the education of 
the handicraftsman. 
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First, I look to tiie elementary sohools now happily 
established all over the country. I am not going to 
criticise or find f anlt with them ; on the contrary, their 
establishment seems to me to be the most important 
and the most beneficial result of the corporate action 
of the people in our day. A great deal is said of 
British interests just now, but, depend upon it, that 
no Eastern difficulty needs our intervention as a nation 
so seriously, as the putting down both the Bashi-Ba- 
zouks of ignorance and the Cossacks of sectarianism 
at home. What has already been achieved in these 
directions is a great thing; you must have lived some 
time to know how great. An education, better in its 
processes, better in its substance, than that which was 
accessible to the great majority of well-to-do Britons 
a quarter of a century ago, is now obtainable by every 
child in the land. Let any man of my age go into 
an ordinary elementary school, and, unless he was un- 
usually fortunate in his youth, he will tell you that 
the educational method, the intelligence, patience, and 
good temper on the teacher's part, which are now at 
the disposal of the veriest waifs and wastrels of society, 
are things of which he had no experience in those 
costly middle-class schools, which were so ingeniously 
contrived as to combine all the evils and shortcomings 
of the great public schools with none of their advan- 
tages. Many a man, whose so-called education cost a 
good deal of valuable money and occupied many a year 
of invaluable time, leaves the inspection of a well- 
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ordered elementary school deTOutly wishiiig that, in his 
joimg days, he had had the chance of being as well 
tanght as these boys and girls are. 

But while, in view of such an advance in gien^^ 
education, I willingly obey the natural impulse to be 
thankful, I am not willing altogether to rest. I want 
to see instruction in elementary science and in art more 
thoroughly incorporated in the educational system/ At 
present, it is being administered by driblets, as if it 
were a potent medicine, ^^a few drops to be taken 
occasionally in a teaspoon." Every year I notice that 
that earnest and untiring friend of yours and of mine, 
Sir John Lubbocd:, stirs up the Government of the 
day in the House of Commons on this subject; and 
also that, every year, he, and the few members of the 
House of Commons, such as Mr. Playf air, who sympa- 
thise with him, are met with expressions of warm 
admiration for science in general, and reasons at large 
for doing nothing in particular. But now that Mr. 
Forst^, to whom the education of the country owes so 
much, has announced his conversion to the right faith, 
I begin to hope that, sooner or later, things wiH mend. 

I have given what I believe to be a good reason for 
the assumption, that the keeping at school of boys, 
who are to be handicraftsmen, beyond the age of thirteen 
or fourteen is neither practicable nor desirable; and, 
as it is quite certain, that, with justice to other and 
no less important branches of education, nothing more 
tihan Hie rudiments of science and art teaching can be 
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introdaced into elementaiy Bchools^ we most seek dse- 
vhere for a snpplementaiy training in tbeee eabjects, 
and, if need be, in foreign langaages, wbieli may go 
on after the workman'B life lias begun. 

The mesna of ftcqairing the scientific and artistic 
part of this training already exists in fnll working order, 
in the first place, in the classes of the Science and Art 
Department, which are, for the most part, held in the 
evening, so as to be aoeessiblQ to all who choose to 
avail themselyes of them after working hours. The 
great advantage of these dasses is that tfaej bring the 
means of instmction to the dooiB of the factories and 
workshops; that they are no artificial creatioDB, but 
by their Tery existence prove the desire of the people 
for them; and- finally, that they admit of indefinite 
development in proportion as tb^ are wanted. I have 
often expressed the opinion, and I repeat it here, tfaatr 
during the eighteen years they have been in existence, 
th^e classes have done incalculable good ; and I can say, 
of my own knowledge, that the Department spares no 
P&ins and tronble in trying to increase their usefulness 
Bnd ensore the sonndness of their work. 

No one knows better than my friend Colonel Don- 
nelfy, to whose clear views and great adminisf—" — 
Abilities so much of the saccesafol working of the a 
cUsBes is due, that there is much to be done befo 
system can be said to be thoronghly satisfactory, 
instroction given needs to be made more systemal 
especially more practical; the teachers are of ve 
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equal exoellence, and not a few stand mnch in need of 
infitmction themselyes, not only in the sabjects which 
they teach, but in the objects for which thej teach. I 
daresay yon have heard of that proceeding, reprobated 
by all tme sportsmen, which is called ^' shooting for the 
pot." Well, there is snch a thing as ^^ teaching for the 
pot " — ^teaching, that is, not that your scholar may-know, 
but that he may count for payment among those w^ho 
pass the examination ; and there are some teachers, hap- 
pily not many, who have yet to learn that the examiners 
of the Department regard them as poadiers of the worst 
description. 

Without presuming in any way to speak in the name 
of the Department, I think I may say, as a matter which 
has come under my own observation, that it is doing its 
best to meet all these difficulties. It systematically pro- 
motes practical instruction in the classes; it affords 
facilities to teachers who desire to learn their business 
thoroughly ; and it is always ready to aid in the suppres- 
sion of pot-teaching. 

All this is, as you may imagine, highly satisfactory 

to me. I see that spread of scientific education, about 

which I have so often permitted myseM to worry the 

, oecome, fo^ jjj practical purposes, an accom- 

^ • vrratef ul as I am for all that is now being 

«*»,• ' ... ^^'^e direction, in our higher schools and 

"diversities, I hav 

^ealthi 1 <5eased to have any anxiety about the 

^hat the alchen^sti.^'''^''*'^^ knowledge is spreading by 

^ called a " distillatio per ascensum ; " 
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and nothing now can prevent it from continning to diatil 
upwards and permeate English sociely, nntil, in the 
remote f atnre, there shall be no member of the legis- 
lature who does not know as mnch of science as an 
elementary school-boy ; and even the heads of houses in 
onr venerable seats of learning shall acknowledge that 
natural science is not merely a sort of XJniyersity back- 
door throngh which inferior men may get at their de- 
grees. Perhaps this apocalyptic vision is a little wild ; 
and I feel I ought to ask pardon for an outbreak of 
enthnBiasm, which, I a»are you, is not my commonest 
fie^iling. 
/ I have said that the Government is already doing 
a great deal in aid of that kind of technical education for 
handicraftsmen which, to my mind, is alone worth seek- 
ing. Perhaps it is doing as much as it ought to do, even 
in Hiis direction. Certainly there is another kind of help 
of the most important character, for which we may look 
elsewhere than to the Government. The great mass of 
mankind have neither the liking, nor the aptitude, for 
either literary, or scientific, or artistic pursuits ; nor, 
indeed, for excellence of any sort. Their ambition is to 
go through life with moderate exertion and a fair share 
of ease, doing common things in a common way. And a 
great blessing and comfort it is that the majority of men 
are of this mind ; for the majority of things to be done 
are common things, and are quite well enough done 
when commonly done. The great end of life is not 
knowledge but action. What men need is, as much 
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knowledge as they can aseimilate: and organise into a 
basis for action; give them more and it inay become 
injurious. One knows people who are as heavy and 
stupid from undigested learnLig as others are from over- 
\y fulness of meat and drink. T But a small percentage of 
the population is bom with that most excellent quality, a 
desire for excellence, or with special aptitudes of some 
sort or another ; Mr. Qalton tells us that not more than 
one in four thousand may be expected to attain distinc- 
tion, and not more than one in a million some share of 
that intensity of instinctive aptitude, that'buming thirst 
for excellence, which is called genius. 

Kow, the most important object of all educational 
schemes is to catch these exceptional people^ and turn 
them to account for the good of society. Ko. man can 
say where they wiU crop up; like their opposites, the 
fools and knaves, they appear sometimes in the palace, 
and scNtnetimes in the hovel ; but the great thing to be 
aimed at, I was almost going to ssqt the most import^t 
end of all social arrangements, is to keep these.glorious 
sports of Nature from being either corrupted by luxury 
1 or starved by poverty, and to put them into, the posUioi^ 
in which they can do the work for which they are spe- 
cially fitted. 

Thus, if a lad in an elementary school showed signs 
of special capacity, I would try to provide hiiji with the 
means of continuing his education after his daily work- 
ing life had begun ; if, in the evening classes, he devel- 
oped special capabilities in the direction of sdence or of 
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drawing, I would try to Becnie him «n apprenticeBhip to 
some txade in which thoee powers woiild have applica* 
biHty. Or, if he chose to become a teacher, he should 
have the chance of so doing. Finally, to the lad of 
genius, the one in a miSion, I would make accessible the 
highest and most complete training the conntry conld 
afford. Whateyer that might cost, depend npon it the 
investment wonld be a good one. I weigh my words 
when I say that if the nation conld pnrchase a potential 
Watt, or Davy, or Faraday, at the cost of a hnndred 
thousand ponilds down, he wonld be dirt<sheap at the 
money. It is a mere commonplace and everyday piece 
of knowledge, that what these three men did has pro* 
dnced nntold millions of wealth, in the narrowest eco- 
nomical sense of the word. 

Therefore, as the sum and crown of what is to be 
done for technical education, I look to the provision of 
a machinery for winnowing out the capacities and giving 
them scope. When I was a member of the London 
School Board,,! said, in the course of a speech, that our 
business was to provide a ladder, reaching from the 
gutter to the university, along which every child in the 
three kingdoms should have the chance of climbing as far 
as he was fit to go. This phrase was so much bandied 
about at the time, that, to say truth, I am rather tired 
of it ; but I know of no other which so fully expresses 
my belief, not only about education in general, but about 
technical education in particular. 

The essential foundation of all the organisation 
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needed for the promotion of education among handi- 
craftsmen will, I believe, exist in this oonntrj, when 
every working lad can feel that society has done as much 
as lies in its power to remove all needless and artificial 
obstacles from his path ; that there is no barrier, except 
such as exists in the nature of things, between himflftlf 
and whatever place in the social organisation he is fitted 
to fill ; and, more than this, that, if he has capacity and 
industry, a hand is held out to help him along any path 
which is wisely and honestly chosen. 

I have endeavoured to point out to you that a great 
deal of such an organisation already exists; and I am 
glad to be able to add that there is a good prospect that 
what is wanted will, before long, be supplemented. 

Those powerful and wealthy societies, the livery 
companies of the Oiiy of London, remembering that 
they are the heirs and representatives of the trade guilds 
of the Mifldle Ages, are interesting themselves in the 
question. , So far back as 1872 the Society of Arts 
organised a system of instruction in the technology of 
arts and manufactures, for persons actually employed in 
factories and workshops, who desired to extend and im- 
prove their knowledge of the theory and practice of 
their particular avocations ; * and a considerable subsidy, 
in aid of the efforts of the Society, was liberally granted 
by the Cllothworkers' Company. We have here the 
hopeful commencement of a rational organisation for the 

* See the " Programme *' for 1878, issued by the Society of Arts, 
p. 14. 
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promotion of excellence among handicraftsmen. Quite 
recently, other of the liveiy compuiies have determined 
npcni givinjr their powerful, and, indeed, almoet boand- 
leee, aid to the improrement of the teaching of handi- 
crafts. They have already gone bo far as to appoint a 
committee to act for them ; and I betray no confidence 
in adding that, Bome time eince, the committee sought 
tbe advice and assistance of seTeral persons, myself 
among the number. 

Of course I cannot tell you what may be the result 
of the deliberations of the committee ; but we may all 
fairly hope that, before long, steps which will have a 
weighty and a lasting influence on the growth and 
spread of sound and thorough teaching among the handi- 
craftsmen * of this oonntry will be taken by the livery 
companies of London. 

[This hope has been fbll; Jiutifled bj the estabUshment of the 
OovpOT Street Schools, and that of the Oentral Institotioii of 
the 0it7 and Ooilds of London Inatitnte. September 1881.] 

* It Ii perhaps sdvlwble to ramaik that the important qqeeUou of 
(be profeamonal ednoatlMi of managars of indtutiial worka la not 
tonched b the foregoiiig remadca. 
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!,„>, T veatore to reeom- 
TiiB chief ground upon whicn i- ^^ould 

«cnd that the teaching of elementary V^^^^ ^ ^ 
form an essential part of any o'^f^^ economy, ^ 
•truction in matters pertaining to domes • g^^ject 

tlmt a knowledge of even the elemente oi ^^ 

supplies those conceptions of the constitution ^^^ 

of action of the living body, and of the nature _^^^ 
and disease, which prepare the mind to receiv 
tion from sanitary science. . .^ 

It is, I think, eminently desirable that the "^^^^^ 
and the physician should find something in the p^ « 
mind to which they can appeal; some little stoo 
universally acknowledged truths, wliicli may serve 
fonndation for their warnings, and predispose towards 
an intelligent obedience to their recoimnendations. 

Listening to ordinary talk about health, disease, and 
death, one is often led to entertain a doubt vvhether the 
speakers believe that the course of natural causation 
runs as smoothly in the human body as elsewhere. I^* 
dications are too often obvious of a strong, though per- 
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Iiaps an unavowed and half anconsciouB, nndercurrent 
of opinion that the phenomena of life are not only 
widely different, in their snperficial characters and in 
their practical importance, from other natural events, 
but that they do not follow in that definite order which 
characterises the succession of aU other occurrences, and 
the statement of which we call a law of nature. 

Hence, I think, arises the want of heartiness of be- 
lief in the value of knowledge respecting the laws of 
health and disease, and of the foresight and care to 
which knowledge is the essential preliminary, which is 
so often noticeable; and a corresponding laxity and 
carelessness in practice, the results of which are too fre- 
quently lamentable. 

It is said that among the many religious sects of 
Sussia, there is one which holds that all disease is brought 
about by the direct and special interference of the Deity, 
and which, therefore, looks with repugnance upon both 
preventive and curative measures as alike blasphemous 
interferences with the will of God. Among ourselves, 
the " Peculiar People " are, I believe, the only persons 
who hold the like doctrine in its integrity, and carry it 
out with logical rigour. But many of us are old enough 
to recollect that the administration of chloroform in as- 
suagement of the pangs of childbirth was, at its intro- 
duction, strenuously resisted upon similar grounds. 

I am not sure that the feeling, of which the doctrine 
to which I have referred is the full expression, does not 
lie at the bot^gm of the minds of fi gres^t many people 



•ent to the doctrme itseit ^ ^^ has now l>eci 
main point iB that sufficient ^^^^ ^ «»ertiom, 
•cqnired of vital phenomena, to jo» "^^^^ ibou* 
that the notion, that there » -^^^ ^, ^port froi^ 
these phenomena, receives not » i»» is » vast anA 

any known fact. On the f"""^^^ «d death, 
an increafling maaa of evidence ™» ^^ ^^ orfin"y 
health and disease, are a« mnch P"^^ ^ ^e Bon, 
stream of event* as the rising and "^^ ^^^ ^,oar 
or the changes of the moon ; ""^ **^* j^^ ^e term 
is a mechanism, the proper working ox ^^ ^^^^ 
health; it. disturbance, disease; its «^J^ „«ay 
The activity of this mechanism is ^epe^^ff V^?^ j,ope- 
and complicated conditions, some of whicH ^^^ ^ 
lessly beyond onr control, while others *f® '^"^jgg^ 
cessible, and are capable of being indefinitely na 
by our own actions. The business of the V«'®'''^\j^_ 
of the physician is to know the range of these m - 
able conditions, and how to influence them towards t e 
maintenance of health and the prolongation of life > 
business of the general public ia to give an intelligent 
aasent, and a ready obedience based upon that assent, to 
the rules* laid down for their guidance by such experts. 
But an intelligent assent is an assent based upon knowl- 



But an intelligent assent is an assent based upon knowl- 
edge, and liie knowledge wbicli is bore in question 
nieans an acquaintance with tiie elements ©f physiology. 
It is not difficult to acqnii^ suob knowledge. What 
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M true, to a certain extent, of aU the physical sciences, 
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is eminently characteristic of physiology — ^the difficulty 
o€ the subject begins beyond the stage of elementary 
knowledge, and increases with every stage of progress. 
Wliile the most highly trained and the best furnished 
intellect may find all its resources insufficient, when it 
striyes to reach the heists and penetrate into the depths 
of the problems of physiology, the elementary and fun- 
damental truths can be made clear to a child. 

Ko one can have any difficulty in comprehending 
the mechanism of circulation or respiration ; or the gen- 
eral mode of operation of the organ of vision ; though 
the unravelling of aU the minutisa of these processes, 
may, for the present, baffle the conjoined attacks of the 
most accomplished physicists, chemists, and mathema- 
ticians. To know the anatomy of the human body, 
with even an approximation to thoroughness, is the work 
of a life; but as much as is needed for a sound com- 
prehension of elementary physiological truths, may be 
learned in a week. 

A knowledge of the elements of physiology is not 
only easy of acquirement, but it may be made a real 
and practical acquaintance with the facts, as far as it 
goes. The subject of study is always at hand, in one- 
self. The principal constituents of the skeleton, and 
the changes of form of contracting muscles, may be felt 
through one's own skin. The beating of one's heart, 
and its connection with the pulse, may be noted; the 
influence of the valves of one's own veins may be 
shown ; the movements of respiration may be observed ; 
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while the wondeifal phenomena of sensation afford an 
endless field for cniious and interesting sel£stndj. The 
prick of a needle will yield, in a drop of one's own 
blood, material for microscopic observation of phenom- 
ena which lie at the foundation of idl biological concep- 
tions ; and a cold, with its concomitant coughing and 
sneezing, may prove the sweet uses of adversity by 
helping one to a clear conception of what is meant by 
"reflex action." 

Of course there is a limit to this physiological self^ 
examination. But there is so dose a solidarity between 
ourselves and our poor relations of the animal world, 
that our inaccessible inward parts may be supplemented 
by theirs. A comparative anatomist knows that a sheep's 
heart and lungs, or eye, must not be confounded with 
those of a man; but, so far as the comprehension of 
the elementary facts of the physiology of circulation, of 
respiration, and of vision goes, the one furnishes the 
needful anatomical data as well as the other. 

Thus, it is quite possible to give instruction in ele- 
mentary physiology in such a manner as, not only to 
confer knowledge, which, for the reason I have men- 
tioned, is useful in itself; but to serve the purposes of 
a trainiiig in accurate observation, and in the methods 
of reasoning of physical science. But that is an advan- 
tage which I mention only incidentally^ as the present 
Conference does not deal with education in the ordi- 
naiy sense of the word. 

It will not be suspected that I wish to make phys- 
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iologiBts of all the world. It would be as reasonable 
to accuse an advocate of the ^ three B's" of a desire 
to make an orator, an anthoi*, and a mathematician of 
everybody. A stumbling reader, a pot-hook writer, and 
an arithmetician who has not got beyond the rule of 
tSuree, is not a person of brilliant acquirements ; but the 
difference between such a member of society and one 
ip^ho can neither read, write, nor cipher is almost inex- 
pressible; and no one now-a-days doubts the value of 
instruction, even if it goes no farther. 

The saying that a little knowledge is a dangerous 
thing is, to my mind, a V617 dangerous adkge. If 
knowledge is real and genuine, I do not believe that it 
ig other than a veiy yaluable possession, howew infini- 
tesimal its quantity may be. Indeed, if a little knowl- 
edge is dangerous, where is the man who has so much 
as to be out of danger? 

If William Harvey's life-long labours had revealed to 
him a tenth part of that which may be made sound 
and real knowledge to our boys and girls, he would not 
only have been what he was, the greatest physiologist 
of his age, but he would have loomed upon the seven- 
teenth century as a sort of intellectual portent. Our 
^^ little knowledge'' would have been to him a great, 
astounding, unlooked-for vision of scientific truth. 

I really see no harm which can come of giving our 
children a little knowledge of physiology. But then, 
as I have 6aid, the instruction must* be real, based upon 
observation^ eked out by good explanatory diagrams 
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and models, and oonveyed by a teacher whose oimoi 
knowledge has been acquired by a study of the facts ; 
and not the mere catechismal parrot-work which too 
often usurps the place of elementary teaching. 

It is, I hope, unnecessary for me to give a formal 
contradiction to the silly fiction, which is assiduonfily 
circulated by fanatics who not only ought to know, but 
do know, that their assertions are untrue, that I have 
advocated the introduction of that experimental disci- 
pline which is absolutely indispensable to the professed 
physiologist, into elementary teaching. 

But while I should object to any experimentation 
which can justly be called painful, for the purpose of 
elementary instruction; and, while, as a member of a 
late Boyal Commission, I gladly did my best to prevent 
the infliction of needless pain, for any purpose ; I think 
it is my duty to take this opportunity of expressing my 
regret at a condition of the law which permits a boy to 
troll for pike, or set lines with live frog bait, for idle 
amusement ; and, at the same time, lays the teacher of 
that boy open to the penalty of fine and imprisonment, 
if he uses the same animal for the purpose of exhibit- 
ing one of the most beautiful and instructive of physio- 
logical spectacles, the circulation in the web of the foot. 
Ko one could undertake to affirm that a frog is not in- 
convenienced by being wrapped up in a wet rag, and 
^ving his toes tied out ; and it cannot be denied that 
^^convenience is a sort of pain. But you must not in- 
^^ the least pain on a vertebrated animal for scientific 
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purposes (though jou may do a good deal in that way 
for gain or for sport) without due licence of the Secre- 
tary of State for the Home Department, granted under 
the authority of the Yivisection Act. 

So it comes about, that, in this present year of grace 
1877, two persons may be charged with cruelty to ani- 
mab. One has impaled a frog, and suffered the creat- 
ure to writhe about in that condition for hours; the 
other has pained the animal no more than one of us 
would be pained by tying strings round his fingers, and 
keeping him in the position of a hydropathic patient. 
The first offender says, ^^ I did it because I find fishing 
very amiwmg," and the magistrate bids him depart ia 
peace; nay, probably wishes him good sport The sec- 
ond pleads, ^^ I wanted to impress a scientific truth, with 
a distinctness attainable in no other way, on the minds of 
my scholars," and the magistrate fines him five pounds. 

I cannot but think that this is an anomalous and 
not wholly creditable state of things. 
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If the man to perpetuate whose memoiy we have 
this day raised a statue had been asked on what part 
of his busy life's work he set the highest value, he would 
undoubtedly have pointed to his voluminous contribu- 
tions to theology. In season and out of season, he was 
the steadfast champion of that hypothesis respecting the 
Divine nature which is termed XJhitarianism by its 
friends and Socinianism by its foes. Eegardless of odds, 
he was ready to do battle with all comers in that cause ; 
and if no adversaries entered the lists, he would sally 
forth to seek them. 

To this, his highest ideal of duty, Joseph Priestley 
sacrificed the vulgar prizes of life, which, assuredly, were 
within easy reach of a man of his singular energy and 
varied abilities. For this object, he put aside, as of sec- 
ondary importance, those scientific investigations which 
he loved so well, and in which he showed himself so 
competent to enlarge the boundaries of natural knowl- 
edge and to win fame. In this cause, he not only cheer- 
fully suffered obloquy from the bigoted and the unthink- 
ing, and came within sight of martyrdom ; but bore with 
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that which is much harder to be borne than all these, the 
xixifeigned astoniiShineiit and hardly disgoised contempt 
of a brilliant eocietj, composed of men whose sympathy 
and esteem most have been most dear to him, and to 
whont it was simply incomprehensible that a philoeo- 
pher Bhonld serio^yoceup/himself with any form of 
Christianity. 

It appei»:s to me that the man who, setting before 
himself snch an ideal of life, acted np to it eongistently, 
18 worthy of the deepest respect, whatever opinion may 
be entertained as to the reel value of the tenets which 
he s6 aeatonsly propagated and defended. 

But I am snre that I speak not oidy for myself, but 
icr all this assemblage, when I say that our purpose 
knlay is to do hononr, not to Priesiley, the Unitarian 
divine, but to Priestley, the fearless defender of rational 
freedom in thought and in action : to Priestley, the phil- 
osophic thinker; to ^t Priestley who held a foremost 
place among .^^ the swift runners who htod over the lamp 
ci life,"^ and transmit from one generation to another 
the fire kindled, ini the childhood of the world, at the 
Promethean altar of Sdence. 

The main incidents of Priestley's life are so well 
known; that I need dwell upon them at no great length. 

Bom in 1738, at Fieldhead, near Leeds, and brought 
up among Oalvinists of the straitest orthodoxy, the boy's 

* ** Qunfii cursores, vita! lampada tradnnt"— rLucs. Jk Jterttm NaL 
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striking nataral ability led to his being devoted to the 
profession of a minister of religion; and, in 1752, he 
was sent to the Dissenting Academy at Daventiy — an 
institution which authority left undisturbed, though its 
existence contravened the law. The teachers under 
whose instruction and influence the young man came 
at Daventry, carried out to the letter the injunction to 
^^tiy all things: hold fast that which is good," and en- 
couraged the discussion of every imaginable proposition 
with complete freedom, the leading professors taking 
opposite sides ; a discipline which, admirable as it may 
be from a purely scientific point of view, would seem 
to be calculated to make acute, rather than sound, di- 
vines. Priestley tells us, in his " Autobiography," that 
he generally found himself on the unorthodox side : and, 
as he grew older, and his faculties attained their ma- 
turity, this native tendency towards heterodoxy grew 
with his growth and strengthened with his strength. 
He passed from Calvinism to Arianism ; and finally, in 
middle life, landed in that very broad form of XJnita- 
rianism, by which his craving after a credible and con- 
sistent theory of things was satisfied. 

On leaving Daventry, Priestley became minister of 
a congregation, first at Needham Market, and secondly 
at Nantwich ; but whether on account of his heterodox 
opinions, or of the stuttering which impeded his expres- 
sion of them in the pulpit, little success attended his 
efforts in this capacity. In 1761, a career much more 
suited to his abilities became open to him. He was 
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appointed ^^ tutor in the languages" in the Dissenting 
Academy at Warrington, in which capacity, besides giv- 
ing three conrses of lectures, he taught Latin, Greek, 
French, and Italian, and read lectures on the Theoiy 
of Language and TJniyenal Grammar, on Oratoiy, Phil- 
osophical Criticism, and Civil law. And it is interest- 
ing to observe that, as a teacher, he encouraged and 
cherished in those whom he instructed, the freedom 
which he had enjoyed, in his own student days, at Dav- 
entry. One of his pupils tells us that, 

«'At the bonolarion of his lecture, he always encouraged his stu- 
dents to express their sentiments relative to the subject of it, and 
to urge any objections to what he had delivered, without reserve. 
It pleased him when any one oonmienoed such a conversation. In 
order to excite the freest discussion, he occasionallj invited the 
students to drink tea with him, in order to canvass the subjects of 
his lectures. I do not recollect that he ever showed the least dis- 
pleasure at the strongest objections that were made to what he de- 
livered, but I distinctly remember the smUe of approbation with 
which he usually received them ; nor did he fail to point out, in a 
very encouraging manner, the ingenuity or force of any remarks 
that were made, when they merited these characters. His object, 
as well as Dr. Aikin's, was to engage the students to examine and 
decide for themselves, uninfluenced by the sentiments of any other 
persons."* 

It would be difficult to give a better description of a 
model teacher than that conveyed in these words. 

From his earliest days, Priestley had shown a strong 
bent towards the study of nature; and his brother 
Timothy tells us that the boy put spiders into bottles, 
to see how long they would live in the same air — a 

* *<Life and Correspondence of Dr. Priestley,*' by J. T. Rntt Vol. L 
p. 60. 
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corioas anticipation of the inTestigations of his later 
yean. At Nantwicb, where he set ap a Bchool, Prieetley 
infonDB as that he bought an air pump, an electrical i 

machine, and other instroments, in the ose of which I 

he instmeted his Bcholars. But he does not eeem to 
have devoted himself serioosly to phyncal scienoe until 
1766, when he had the great good fortune to meet Sen- I 

jamin Franklin, whose friendship he erer afterwards I 

enjoyed. Encouraged by Franklin, he wrote s "His- 
tory of Electricity,** which was published in 1767, and ' 
appears to have met with considerable success. I 

In the same year, Priestley left Warrington to be- 
come the minister of a congregation at Leeds; and, j 
here, happening to live next door to a public breweiy, 
as he says, 

" I, at first, amnsed mfself with tnaking exiyerlmenta on the fixed 
(dr which 1 found ready-made in the procesa of fermentation. "When | 

I removed from that hoose I was ander the necessity of nutking 
fixed iiir for mjself ; and one experiment leading to another, as I i 

have distiuctlf and faithfblly not«d in ray variooB pabUcationa on 
the aabjeot, I hj degrees contrived a convenient apparatas for tLe 
purpose, bnt of the cheapest kind. 

"When I began these experiments I knew very little of eheni' 

i*try, and bad, in a manner, no idea on the aabject before I atr 

tended a coarse of chemical leotarea, delivered in the Academy at 

Warrington, by Dr. Turner of liverpool. But I have often thought 

that, npon the whole, this droamstance was no disadvantage to me ; 

as, in this ntnaldon, I was led to devise an apparatns and proceeses 

of my own, adapted to my peooliar news ; whereas, if ,1 had been 

)d to the osnal chemical processes, I sboold not 

it of any other, and wttbont new modes of oper- 

y have diaoovered anything materially new." • 

"AutoUognphy," gg 100, 101. 
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The first outcome of Priestley's chemical work, pub- 
lished in 1772, was of a very practical character. He 
discovered the way of impregnating water with an ex- 
cess of ^ fixed air," -or carbonic acid, and thereby pro- 
ducing what we now know as ^^soda water" — ^a service 
to naturally, and still more to artificially, thirsty souls, 
which thosia whose parched throats and hot heads are 
cooled by morning draughts of that beverage, cannot 
too gratefully acknowledge. In the same year, Priestley 
communicated the extensive series of observations which 
his industry and ingenuity had accumulated, in the course 
of four years, to the Boyal Society, under the title of 
** Observations on Different Kinds of Air'' — a memoir 
which was justly regarded of «o much merit and im- 
portance, that the Society at once conferred upon the 
author the highest distinction in their power, by award- 
ing him the Copley Medal. 

In 1771 a proposal was made to Priestley to accom- 
pany Captain Cook in his second voyage to the South 
Seas. He accepted it, and his congregation agreed to 
pay an assistant' to supply his place during his absence. 
But the appointment lay in the hands of the Board of 
Longitude, of which certain clergymen were members ; 
and whether these worthy ecclesiastics feared that Priest- 
ley's presence among the ship^s company might expose 
his Majesty's Sloop RescUvJUon to the fate which afore- 
time befell a certain ship that went from Joppa to 
Tar^sh; or whether they were alarmed lest a Socin- 
ian should undermine that piety which, in the days of 
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Commodore Trannion, so strikmglj characterised sailois, 
does not appear; but, at any rate, they objected to 
Priestley ^^ on account of his religions principles," and 
appointed the two Forsters, whose ^^ religions princi- 
ples," if they had been known to these well-meaning 
but not far-sighted persons, wonld probably have sur- 
prised them. 

In 1772 another proposal was made to Priestley. 
Lord Shelbnme, desiring a ^^ literary companion," had 
been brought into communication with Priestley by the 
good offices of a friend of both. Dr. Price; and offered 
him the nominal post of librarian, with a good house 
and appointments, and an annuity in case of the termi- 
nation of the engagement. Priestley accepted the offer, 
and remained with Lord Shelbnme for seven years, 
sometimes residing at Calne, sometimes travelling abroad 
with the Earl. 

Why the connection terminated has never been ex- 
actly known; but it is certain that Lord Shelbume 
behaved with the utmost consideration and kindness 
towards Priestley ; that he fulfilled his engagements to 
the letter; and that, at a later period, he expressed a 
desire that Priestley should return to his old footing 
in his house. Probably enough, the politician, aspiring 
to the highest offices in the state, may have found the 
position of the protector of a man who was being de- 
nounced all over the country as an infidel and an atheist 
somewhat embarrassing. In fact, a passage in Priest- 
ley's "Autobiography" on the occasion of the publi- 
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cation of his ^^Disquisitions relating to Matter and 
Spirit,^' which took place in 1777, indicates pretty dearly 
the state of the case: — 

'^ (126) It being probable that this pnblioation would be nn- 
popnlar, and might be the means of bringing odinm on mj patron, 
aeveral attempts were made by his friends, though none by himself, 
to dissuade me from pernsdng in it. But being, as I thought, en- 
gaged in the cause of important truth, I proceeded without r^^ard 
to any consequences, assuring them that this publication should not 
be injurious to his lordship/' 

It is not unreasonable to suppose that his lordship, 
as a keen, practical man of the world, did not derive 
much satisfaction from this assurance. The ^^ evident 
marks of dissatisfaction" which Priestley says he first 
perceived in his patron in 1778, may weU have arisen 
from the peer's not unnatural uneasiness as to what his 
domesticated, but not tamed, philosopher might write 
next, and what storm might thereby be brought down on 
his own head ; and it speaks very highly for Lord Shel- 
bume's delicacy that, in the midst of such perplexities, 
he made not the least attempt to interfere with Priest- 
ley's freedom of action. In 1780, however, he intimated 
to Dr. Price that he should be glad to establish Priestley 
on his Irish estates : the suggestion was interpreted, as 
Lord Shelbume probably, intended it should be, and 
Priestley left him, the annuity of £160 a year, which 
had been promised in view of such a contingency, being 
punctually paid. 

After leaving Calne, Priestley spent some little time 
i in London, and then, having settled in Birmingham at 
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the dwire of his brother-in-law, he was Boon invited to 
become the miniflter of a large congregation. This set- 
tlement Priestley considered, at the time, to be ** the 
happiest event of his life." And weU he might thiiik 
80 ; for it gave him competence and leisnre; placed liim 
within reach of the best makers of apparatus of the day ; 
made hun a member of that remaurkable "Lnnar Soci- 
ety," at whose meetings he conld exchange thouglitB 
with such men as Watt, Wedgewood, Darwin, and 
Boolton ; and threw open to him the pleasant house of 
the Qaltons of Barr, where these men, and others of less 
note, formed a society of exceptional charm and intelli- 
gence.* 

But these halcyon days were ended by a bitter storm,. 
The French Bevolution broke out. An electric shock 
ran through the nations ; whatever there was of corrupt 
and retrograde, and, at the same time, a great deal of 
what there waa of best and noblest, in European sodety 
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aomoe, stood pi«^«nin«ntly « tv " ^ ' •/. — f— -' — 

«« ted, when Dr. PHeaaev^t^^ ***** >*«<»nM ; eyen as « duld, I used 

*^trial, that of the other cS ^' ^'^ «>** *« ^o^ "^ *«»«»« '" 

• beUef In the .nfflden^g- <rf t^^ "^ utterly far as I am removed frwa 

J^n.^'ir^-'^o' t^;S::i'^-«->logie.lc«ed.Ic«nK* but 

« US vitality. '^"^ power of any portion of the truth 
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ehuddered at the outburst of long-pent-up flocial fireBi 

Men's feelings were excited in a way that we, in this 

generation, can hardly comprehend. Party wrath and 

virolenee were expressed in a manner unparalleled, and 

it is to be hoped impossible, in our times ; and Priestley 

and his friends were held up to public scorn, even in 

Parliament, as fomenters of sedition. A ^^ Church-and- 

King" cry was raised against the Liberal Dissenters; 

and, in Birmingham, it was intensified and specially 

directed towards Priestley by a local controversy, in 

which he had engaged with his usual yigour. In 1791, 

the celebration of the second anniversary of the taking 

of the Bastille by a public dinner, with which Priestley 

had nothing whatever to do, gave the signal to the loyal 

and pious mob, who, unchecked, and indeed to some 

extent encouraged, by those who were responsible for 

order, had the town at their mercy for three days. The 

chapels and houses of the leading Dissenters were 

wrecked, and Priestley and his family had to fly for 

their lives, leaving library, apparatus, papers, and all 

their possessions, a prey to the flames. 

Priestley never returned to Birmingham. He bore 
the outrages and losses inflicted upon him with extreme 
patience and sweetness,* and betook himself to London. 
But even his scientific colleagues gave him a cold shoul- 

• Even Mm. Priestley, who might be forgiven for r^arding the destroy- 
er! of her household gods with some asperity, contents herself, in writing 
to Mm. Barbauld, with tiie sarcasm that the Binniiigfaam people **wiU 
scarcely find so many respectable characters, a second time» to make a bon- 
fire of." 
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der; and though he was elected miniBter of a congrega- 
tion at Haoknej) he felt his position to be insecore, and 
finally determined on emigrating to the United States. 
He landed in America in 1794 ; lived quietly with his 
sons at Northumberland, in Pennqrlvania, where his pos- 
terity still flourish ; and, clear-headed and busy to the 
kst, died on the 6th of February 1804, 

Such were the conditions under which Joseph Priest- 
ley did the work which lay before him, and then, as the 
Norse Sagas say, went out of the story. The work itself 
was of the most varied kind. No human interest was 
without its attraction for Priestley, and few men have 
ever had so many irons in the fire at once ; but, though 
he may have burned his fingers a little, very few who 
have tried that operation have burned their fingers so 
little. He made admirable discoveries in science; his 
philosophical treatises are still well worth reading; his 
4 political works are full of insight and replete with the 
spirit of freedom ; and while all these sparks flew oS 
from his anvil, the controversial hammer rained a hail of 
blows on orthodox priest and bishop. While thus en- 
gaged, the kindly, cheerful doctor felt no more wrath or 
uncharitableness towards his opponents than a smith does 
towards his iron. But if the iron could only speak ! — 
and the priests and bishops took the point of view of the 
iron. 

No doubt what Priestley's friends repeatedly urged 
upop TiiTn — ^f.hat he would have escaped the heavier trials 
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of his life and done more for the advancement of knowl- 
edge^ if he had confined himself to his scientific pursuits 
and let his fellow-men go their way — ^was true. But it 
seems to have been Priestley's feeling that he was a man 
/ and a citizen before he was a philosopher, and that the 
duties of the two former positions are at least as impera- 
tive as those of the latter. Moreover, there are men (and 
I think Priestley was one of them) to whom the satisfac- 
tion of throwing down a triumphant fallacy is as great as 
that which attends the discovery of a new truth; who 
feel better satisfied with the government of the world, 
when they have been helping Providence by knocking 
UL imposture on the head ; and who care even more for ^ 
freedom of thought than for mere advance of knowl- 
edge. These men are the Camots who organise victory 
for truth, and they are, at least, as important as the gen- 
erals who visibly fight her battles in the field, 

Priestley's reputation as a man of science rests upon 
his numerous and important contributions to the chem- 
istry of gaseous bodies ; and to form a just estimate of 
the value of his work— of the extent to which it ad- 
vanced the knowledge of fact and the development of 
sound theoretical views — we must reflect what chemis- 
try was in the first half of the eighteenth century. 

The vast science which now passes under that name 
had no existence. Air, water, and fire were still counted 
among the elemental bodies; and though Yan Hel- 
mont, a century before, had distinguished di£Eerent kinds 
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of air as gas ventosvm and gas mjVeesbte^ and Boyle and 
Hales had experimentally defined the physieal proper- 
ties of air, and discriminated some of the varions kinds 
of aeriform bodies^ no one suspected the existence of 
the nnmeroos totally distinct gaseous elements whidi are 
now known, or dreamed that the air we breathe and the 
water we drink are compounds of gaseous elements. 

But) in 1754, a young Scotch physician, Dr. Black, 
made the first clearing in this tangled backwood of 
knowledge. And it gives one a wonderful impression 
of the juvenility of scientific chemistry to fliink that 
Lord Brougham, whom so many of us recollect, at- 
tended Black's lectures when he was a student in 'Edin- 
burgh. Black's researches gave the world the novel 
and startUng conception of a gas that was a permanent- 
ly elastic fluid like air, but that differed from common 
air in being much heavier, very poisonous, and in hav- 
ing the properties of an acid, capable of neutralising 
the strongest alkalies ; and it took the world some time 
to become accustomed to the notion. 

A dozen years later, one of the most sagacious and 
accurate investigators who has adorned this, or any 
other, country, Henry Cavendish, published a memoir 
in the " Philosophical Transactions,'' in which he deals 
not only with the " fixed air ** (now called carbonic acid 
or carbonic anhydride) of Mack, but with '* inflammable 
air," or what we now term hydrogen. ' 

By the rigorous application of weight and measure 
to -^sses, Cavendish implied the belief subse- 
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qoenily fcyrmnkted bj Lavoifiier, that, in chemical pro- 
cesBes^ matt^ id neither cheated nor destroyed, and in- 
dicated the path aloxig which all future explorers must 
trayel. Kor did he himself halt until this path led 
liim, in 1784, to tho brilliant and fundamental discoverj 
that WAter is composed of two gases united in fixed 
and ccmstant propoHions. 

It is a tiying ordeal for any man to be compared 
-with Black and Oayendish, and Priestley cannot be said y 
to stand on their leveL Nevertheless, his achievements 
are not only gr^t in themselves, but truly wonderful, 
if we consider the disadvantages under which he lar 
bonred. Without the careful scientific training of Black, 
without the leisure and appliances secured by the wealth 
of Cavendish, he scaled the walls of scienoe as so many 
Englishmen have done before and sioce his day; and 
trusting to mother wit to supply the place of training, 
and to ingenuity to create apparatus out of washing 
tubs, he ^discovered more new gases than all his prede^- 
cessoTs put together had done* He laid the f oundar 
tions of gas analysis ; he discovered the complementary 
actions of animal and vegetable life upon the constitu- 
ents of tiie atmosphere ; and, finally, he crowned his work, 
this day one hundred years ago, by the discovery of 
that ^^ pure dephlogisticated air " to which the French 
chemists subsequently gave the name of oxygen. Its 
importance, as the constituent of the atmosphere which 
disappears in the processes of respiration and combus- 
^ tion, and is restored by green plants growing in sun- 



I 



116 JOSEPH PBIE8TLET. 

shine, was proved eomewhttt later. For these brilliant 

diecoTeries, the Royal Society elected Priestley a fellow 

and gave him their medal, while the Academies of Paris 

and St Feterebnrg conferred their membership opon 

him. Edioboi^h had made him an honoraiy doctor of 

lawB at an early period of his career; bnt, I need 

hardly add, that a man of Priestley's opinions received 

no recognition from the miiversities of his own connby. 

That Priestley's contribations to the knowledge of 

chemical &ct were of the greatest importance, and that 

they richly deeervQ all the pruae that has been awarded 

to them, is onqnestionable ; bnt it mnst, at the same 

time, be admitted that he had no comprehension of the -^ 

deeper significance of his work ; and, bo far from con- 

tribating anything to the theory of the &cts which he 

discovered, or aseiating in their rational explanaUoh, his 

ince to ^e end of his life was warmly exerted in 

tr of error. From first to last, he was a stifE ad< 

it of the phlogiston doctrine which was prevalent 

his stndies commenced; and, by a cnrions irony 

te, the man who by the discovery of what he called 

hlogisticated air " furnished the essential datum for 

roe theory of combustion, of respiration, and of thel 

osition of water, to the end of his days fought 

Bt the inevitable corollaries from his own labours. 

ast scientific work, published in 1800, bears the 

" The Doctrine of Phlogiston established, and that 

e Composition of "Water refuted." 

lien Priestley commenced his studies, the current 
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belief was, that atmospheric air, freed from accidental 
impurities, is a simple elementary substance, indestmcti- 
ble and nnalterable, as water was supposed to be. When 
a combustible burned, or when an animal breathed in 
air, it was supposed that a substance, ^' phlogiston," the 
matter of heat and light, passed from the burning or 
breathing body into it, and destroyed its powers of sup- 
porting life and combustion. Thus, air contained in a 
vessel in which a lighted candle had gone out, or a liv- 
ing animal had breathed until it could breathe no longer, 
was called ^^ phlogisticated." The same result was sup- 
posed to be brought about by the addition of what 
Priestley called ^^ nitrous gas" to common air. 

In the course of his researches, Priestley found that 
the quantity of common air which can thus become 
'^ phlogisticated," amounts to about one-fifth the volume 
of the whole quantity submitted to eicperiment. Hence 
it appeared that common air consists, to the extent of 
four-fifths of its volume, of air which is already "phlo- 
gisticated ;" while the other fifth is free from phlogiston, 
or " dephlogislicated." On the other hand, Priestley 
found that air " phlogisticated " by combustion or respira- 
tion cotdd be " dephlogisticated," or have the properties 
of pure common air restored to it, by the action of 
green plants in sunshine. The question, therefore, would 
naturally arise— as common air can be wholly phlogisti- 
cated by combustion, and converted into a substance 
which will no longer support combustion, is it possible 
to get air that shall be less phlogisticated than com- 
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moo air, and oODaeqaently Bopport combnetion better 
tbtn common air doeaf 

Now, FriesUej sajB that, in 177^ the poeaibility of 
obtaiuDg air lees phlogisticated ttuD common aii had not 
oocorred to him.* Bat in pniBoing his experiments 
on the evolution of ur ^m Tariona bodies bj means 
of heat, it happened that, on the Ist of Angost 1774) 
he threw the heat of the sun, bj means of a laige bom- 
ing glass vhich ' he had recently obtunedf npon a aab- 
stance which was then called tnerouritta ealematm jwr 
te, and which is commonly known as red precipitate. 

"I preaently foand that, by meuis of this lens, air was expelled 
from it verj readil/. Having got about three or foar times as ranch 
as the bulk of mj materials, I admitted water to it, and fonnd that 
it was not imbibed hy it Bat what aorprised me more than I can 
well express, was that a candle bnrned in this tir with a remarkablj 
ligoroas flame, very mnch like that enlarged flame with which a 
sandle barns in nitrons air, exposed to iron or lime of solpliar; bnt 
IS I had got nothing like this remarkable appearance from any kind 
at ait besides this paiticnlar modifloatlon of nitrons air, and I knew 
no nitrons aeid was nsed in the preparation of mereuriut ealeinattit, 
[ was utterly at a loss how to aooouat for it 

"In this case also, though I did not give snfflcient attention to 
Qie oironmstanoo at that time, the flame of the eandle, beades 
being larger, bnrned with more splendour and heat than in that 
ipecies of nitrons air; and a piece of red-hot wood sparkled in it 
Bzaotly like paper dipped in a solntion of nitre, and it oonsnmed 
rery fast — an experiment which I had never thought of trying with 
nitrous air."f 

Priestley obtained the same sort of air ^m red 
lead, but, as he says himself, he remained in ignorance 

* " BxperimeiiiB and ObBerratloiu on Different Kinds of Air," vol. iL 
p. SI. t ^l^ PP- M> SB. 
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of the properties of this new kind of air for eeven 
months, or nntil March 1775, when he found that the 
new air behaved with ^^ nitrons gas " in the same waj 
as the dephlogisticated part of common air does;* bnt 
that, instead of being diminished to four-fifths, it almost 
completely vanished, and, therefore, showed itself to be 
^^ between five and six times as good as the best com- 
mon air I have ever met with." f As this new air thus 
appeared to be completely free from phlogiston, Priestley 
called it ^Mephlogisticated air." 

What was the nature of this air ? Priestley found 
that the same kind of air was to be obtained by moisten- 
ing with the spirit of nitre (which he terms nitrous 
acid) any kind of earth that is free from phlogiston, 
and applying heat; and consequently he says: ^^ There 
remained no doubt on my mind but that the atmos- 
pherical air, or the thing that we breathe, consists of 
the nitrous acid and earth, with so much phlogiston as 
is necessary to its elasticity, and likewise so much more 
as is required to bring it from its state of perfect purity 
to the mean condition in which we find it.":^ 

Priestley's view, in fact, is that atmospheric air 
is a kind of saltpetre, in which the potash is replaced 
by some unknown earth. And in speculating on the 
manner in which saltpetre is formed, he enunciates the 
hypothesis, " that nitre is formed by a real deeorriposition 
of the air itself, the Inzsea that are presented to it hav- 

* *' Experiments and Observations on Different Kinds of Air,** vol. ii. 

p. 40. f Ilnd. p. 48. X /^^ P* ^^' 

6 
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ing, in Buch drcmnBtanoes, a nearer afiSnity with the 
spirit of nitre than that kind of earth with which it 
Ib united in the atmoaphere." * 

It would have been hard for the meet ingeniona 
person to have wandered farther from the tmth than 
Friestlej does in this hypothesis ; and, though Lavoisier 
y undoubtedly treated Priestley very ill, and pretended 
to have discovered dephlogisticated air, or oxygen, as 
he called it, independently, we can almost foigive him, 
when we reflect how different were the ideas which 
the great French chemist attached to the body which 
Priestley discovered. 

They are like two navigators of whom the first 
sees a new country, but takes clouds for mountains 
and mirage for lowlands; while the second determines 
its length and breadth, and lays down on a chart its 
exact place, so that, thenceforth, it serves as a guide 
to his successors, and becomes a secure outpost whence 
new explorations may be pushed. 

Ifevertheless, as Priestley himself somewhere re- 
marks, the first object of physical science is to ascer- 
. tain facts, and the service which he rendered to chem- 
^ istiy by the definite establishment of a large number 
of new and fundamentally important facts, is such as 
p) entitle b|m to a very high place among the fathers 
pf chemical sciei^ce. 



It is difficult to say whether Priestley's philosophical, 

* " Experiments and Obsenra^oaa on Diif^r^t KindB of Air,'* toI. ii 
p. 60. Hie italics are Priestley's own. 
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political, or theological views were most reBponsible for 
the bitter hatred which was borne to him bj a large 
y body of his countrymen,* and which f oimd its expres- 
sion in the malignant insinuations in which Burke, to his 
everlasting shame, indulged in the House of Commons. 

Without containing much that will be new to the 
readers of Hobbes, Spinoza, Collins, Hume, and Hartley, 
and, indeed, while making no pretensions to originality, 
Priestley's ^^ Disquisitions relating to Matter and Spirit," 
and his ^^ Doctrine of Philosophical Necessity illus- 
trated," are among the most powerful, clear, and un- 
flinching expositions of materialism and necessarianism 
which exist in the English language, and are still well 
worth reading. 

Priestley denied the freedom of the will in the sense 
of its self-determination; he denied the existence of a 
\ soul distinct from the body ; and as a natural conse- 
quence, he denied the natural immortality of man. 

In relation to these matters English opinion, a cen- 
tury ago, was very much what it is now. 

A man may be a necessarian without incurring graver 

* *' In aH the newspapers and most of the periodical publications I was 
represented as an nnbeUcrer in Revelation, and no better than an atheist.** 
-—*' Autobiography," Rutt toL I p. 124. *' On the walls of houses, etc., 
and especially where I usually went, were to be seen, in large characters, 
'Madav ion itsr; Damn Prbstubt; ho pRnBmRiAimx ; Damh tbx 
n/ PBnBTTEBiAiffi,* etc. ctc. ; and, at one time, I was followed by a numbw of 
boys, who left their play, repeating what they had seen on the walls, and 
shouting out, ' Damn FrietUejf; damn Atm, damn him, for ever , for ever, 
etc; etc. This was no doubt a lesson which they had been taught by th|ir 
parents, and what they, I fear, had learned from their saperiors." — ^ Appeal 
to the Public on tiie Subject of the Riots at Birmingham.** 
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reproach thaa that implied in heing called k gloomy 
fanatic, neceeBarianiBm, though veiy shocking, having a 
Dote of Calvinistic oitbodoxj ; bnt, if a man is a ma- 
terialist ; or, if good authorities say he ie and most be 
BO, in spite of his aeaertioQ to the contrary ; or, if he 
acknowledge himeelf unable to see good reaaona for be- 
lieving in the natural immortality of man, reepectable 
folka look upon him as an unsafe neighbour of a caab- 
bos, as an actual or potential sensualist, the more vii<- 
tttoua in outward seeming, the more certainly loaded 
with secret "grave peiBonal sins." 

NeT^iheless, it is as certain as anything can be, that 
Joseph Prieatley was no gloomy fanatic, but as cheerful 
and kindly a soul as ever breathed, the idol of children ; 
a man who was hated only by those who did not know 
him, and who charmed away the bitterest prejudices in 
personal intercourse ; a man who never lost a friend, 
and the best testimony to whose worth is the generona 
and tender warmth with which his many friends vied 
with one another in rendering him substantial help, in 
ill the crises of his career. 

The unspotted purity of Priestley's life, the strict- 
aess of his performance of every duty, his lTanE^)arent 
lincerity, the unostentatious and deep-seated piety which 
l>reathe6 through all his correspondence, are in them- 
lelves a sufficient refutation of the hypothesis, invented 
^y bigots to cover uncharitableness, that such opinions 
w his mnst arise from moral defects. And his statue 
*ill do as good service as the brazen image that was set 
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upon a pole before the Israelites, if those who have been 
bitten by the fiery serpents of sectarian hatred, which 
Btill haunt this wilderness of a world, are made whole by 
looking upon the image of a heretic, who was yet a saint. 
Though Priestley did not believe in the natural im- 
mortality of man, he held with an almost naive realism, ^ 
that man would be raised from the dead by a direct 
exertion of the power of God, and thenceforward be 
immortaL And it may be as well' for those who may be 
shocked by this doctrine to know that views, substan- 
tially identical with Priestley's, have been advocated, 
since his time, by two prelates of the Anglican Church : 
by Dr. Whately, Archbishop of Dublin, in his well- 
known "Essays;"* and by Dr. Courtenay, Bishop of 
Kingston in Jamaica, the first edition of whose remark- 
able book " On the Future States," dedicated to Arch- 
bishop Whately, was published in . 184:3 and the second 
in 1857. According to Bishop Courtenay, 

'* The death of the body will caase a cessation of all the activity 
of the mind by way of natural consequence; to continne for ever 
inRLEss the Creator should interfere." 

And again: — 

*^ The natural end of human existence is the * first death,* the 
dreamless slumber of the grave, wherein man lies spellbound, soul 
and body, under the dominion of sin and death-r-that whatever 
modes of conscious existence, whatever future states of ' life ' or of 
^ torment ' bey<md Hades are reserved for man, are results of our 
blessed Lord's victory over sin and death ; that the resurrection of 

* First series. '* On Some of the Peculiarities of the Christian Relig- 
ion." Essay I. Bevelatlon of a Future State. 
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tlie dead most be preliminwj to their eDtranoe into either of tho 
fotore states, and that the nature and even exiatenoe of these states 
and even the mere fact that there is a fatority of oonsdoasness, cam 
be known only through €k>d's revelation of Himself in the Peraozi. 
and the Gospel of His Son.''— P. 889. 

And now hear Priestley: — 

'^Man, according to this system (of materialism), is no more than 
we now see of him. His being ooomienoes at the time of his con- 
ception, or perhaps at an earlier period. The corporeal and mental 
V faculties, in being in the same substance, grow, ripen, and decay to- 
gether; and whenever the system is dissolved it continnes in a state 
of dissolution till it shall please that Almighty Being who called it 
into existence to restore it to life again." — ** Matter and Spirit,'* 
p. 49. 

And again : — 

*' The doctrine of the Scriptare is, that Qod made man of the 
dost of the ground, and by simply animating this organised matter, 
made man that living percipient and intelligent being that he is. 
According to Bevelation, death is a state of rest and insensibility, 
and our only though sure hope of a future life is founded on the 
\ doctrine of the resurrection of the whole man at some distant pe- 
riod ; this assurance being sufSciently confirmed to us both by the 
evident tokens of a Divine commission attending the persons who 
delivered the doctrine, and especially by the actual resurrection of 
Jesus Christ, which is more authentically attested than any other 
fact in history." — Ihid.^ p. 24T. 

We aJl know that " a saint in crape is twice a saint 
in lawn ; " bnt it is not yet admitted that the views 
which are consistent with snch saintliness in lawn, be- 
come diabolical when held by a mere dissenter.* 

* Not only is Priestley at one with Bishop Courtenay in this matter, bnt 
with Hartley and Bonnet, both of them stout champions of Christianity. 
Moreover, Archbishop Whately's essay is little better than an expansion of 
the first paragraph of Himie*s famous essay on the Immortality of the 
Soul : — ^* By the mere light of reason it seems diflScult to prove the im* 
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I am not here either to defend or to attack Piiestley'a 
pbilosophical views, and I cannot say that I am person- 
ally disposed to attach much value to episcopal author- 
ity in philosophical questions ; but it seems right to call 
attention to the fact, that those of Priestley's opinions 
i^^liich have brought most odium upon him, have been 
openly promulgated, without challenge, by persons oc- 
cupying the highest positions in the State Church. 

I must confess that what interests me most about 
Priestley's materialism, is the evidence that he saw dimly 
the seed of destruction which such materialism carries 
within its own bosom. In the course of his reading for 
his "History of Discoveries relating to Virion, Light, 
and Colours," he had come upon the speculations of 
Boscovich and Michell, and had been led to admit the 
suflSciently obvious truth that our knowledge of mat- 
ter is a knowledge of its properties; and that of its 
substance — if it have a substance — we know nothing. 
And this led to the further admission that, so far as we 
can know, there may be no difference between the sub- 
stance of matter and the substance of spirit (** Disquisi- 
tions," p. 16). A step farther would have shown Priest- 
ley that his materialism was, essentially, very little 
different from the Idealism of his contemporary, the 
Bishop of Cloyne. 

mortality of the sool ; the arguments for it are commonly derived either 
from metaphysical topics, or moral, or physical But it is in reality the 
Gospel, and the Gospel alone, that has brought Ufe and immortality to liffht** 
It is impossible to imagine that a man of Whately's tastes and acquirements 
had not read Hume or Hartley, though he refers to neither. 
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Ab Priestley's philoeophj is mainlj a clear Btatement 

of the views of the deeper thinkers of his day, so are 

J his political conceptions based upon those of Lock:e. 

Locke's aphorism that ^^ the end of goyemment is tlie 

good of mankind/' is thus expanded by Priestley: — 

** It must nocessarilj be understoody therefore, whether it be 
expressed or not, that all people live in society for their mntoal 
advantage ; so that the good and happiness of the members, that 
is, of the majority of the members, of any state, is the great 
standard by which everything relating to that state must finally be 
determined.'^  

The little sentence here interpolated, ^^ that is, of the 
majority of the members of any state," appears to be 
that passage which suggested to Bentham, according to 
his own acknowledgment, the famous "greatest happi- 
ness" formula, which by substituting "happiness" for 
" good," has converted a noble into an ignoble princi- 
ple. But I do not call to mind that there is any utter- 
I ance in Locke quite so outspoken as the following pas- 

sage in the " Essay on the First Principles of Govern- 
ment." After laying down as "a fundamental maxim 
in all governments," the proposition that " kings, sena- 
tors, and nobles" are "the servants of the public," 
I^riestley goes on to say: — 

"But in the largest states, if the abuses of the government 

should at any time be great and manifest ; if the servants of the 

P®opie^ forgetting their masters and their masters' interest, should 

^rsue a separate one of their own ; if, instead of considering that 

Xh^^ '^sayon the First Principles of OoYemment." Second edition, 
*»P- 13. 
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they are made for the people, they should consider the people as 
made for them ; if the oppressions and violation of right 'should be 
great, flagrant, and nniversally resented ; if the tyrannical gover- 
nors should have no friends bat a few sycophants, who had long 
preyed upon the vitals of their fellow -citizens, and who might be 
6x|>ected to desert a government whenever their interests should 
be dofcached from it ; i^ in consequence of these circumstances, it 
should become manifest that the risk which would be run in at- 

4 

tempting a revolution would be trifling, and the evils which might 
be apprehended from it were far less than those which were actually 
suffered and which were daily increasing; in the name of God, I 
ask, what principles are those which ought to restrain an injured 
and insulted people from asserting their natural rights, and from 
changing or even punishing their governors — that is, their ser- 
vants—who had abused their trust, or from altering the whole fo^ 
of the|r government, if it appeared to be of a structure so liable to 
abuse ?V 

As a Dissenter, subject to the operation of the Cor- 
poration and Test Acts, and as a Unitarian, excluded 

from the benefit of the Toleration Act, it is not sur- 
prising to find that Priestley had very definite opinions 
J about Ecclesiastical Establishments ; the only wonder is 
that these opinions were so moderate as the following 
passages show them to have been: — 

'^ Ecclesiastical authority may have been necessary in the infant 
state of society, and, for the same reason, it may perhaps continue 
to be, in some degree, necessary as long as society is imperfect ; 
and therefore may not be entirely abolished till civil governments 
^ have arrived at a much greater degree of peif eotion. If, therefore, 
I were asked whether I should approve of the immediate dissolu- 
tion of all the ecclesiastical establishments in Europe, I should an- 
swer, No. . . . Let experiment be first made of alteratunu^ or, 
which is the same thing, of letter eetdbUthmente than the present. 
Let them be reformed in many essential articles, and then not 
thiowii aside entirely till it be found by experience that no good can 
be made of them.*' 
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Frie^ey goes on to suggest four such reforms of 
a capital nature : — 

'* 1. Let the Articles of Faith to be sobeoribed bj candidates for 
the ministry be greatly reduced. In the formulary of the Ohnrch 
of England, might not thirty-eight oat of the thirty-nine be very 
well spared? It is a reproach to any Ohristian establishment if 
every man cannot daim the benefit of it who can say that he be- 
lieves in the religion of Jesos Christ as it is set forth in the New 
Testament Ton say the terms are so general that even Deists 
would quibble and insinuate themsdves. I answer that all the arti- 
cles which are subscribed at present, by no means exclude Deists 
who will prevaricate; and upon this scheme you would at least 
exclude fewer honest men.'' * 

The second reform suggested is the equalisation, in 
proportion to work done, of the stipends of the clergy ; 
the third, the exclusion of the bishops from Parliament ; 
and the fourth, complete toleration, so that every man 
may enjoy the rights of a citizen, and be qualified to 
serve his country, whether he belong to the Established 
Church or not. 

Opinions such as those I have quoted, respecting the 
, duties and the responsibilities of governors, are the 
</ commonplaces of modem Liberalism; and Priestley's 
/ views on Ecclesiastical Establishments would, I fear, 
/ meet with but a cool reception, as altogether too con- 
servative, from a large proportion of the lineal descend- 
ants of the people who taught their children to cry 
" Damn Priestley ;" and, with that love for the practi- 
cal application of science which is the source of the 

• ** Utility of EsUblishments," in " Essay on First Principles of Govern. 
ment,»» p. 198, 1111. 
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greatness of Birmingham, tried to set fire to the doctor's 
Lonse with sparks from his own electrical machine; there- 
by giving the man they called an incendiary and raiser 
of sedition agamst Chnrch and King, an appropriately 
experimental illnstration of the nature of arson and riot. 

If I have succeeded in putting before you the main 
features of Priestley's work, its value will become ap- 
p«urent, when we compare the condition of the English 
nation, as he knew it, with its present state. 
^- The fact that France has been for eighty-five years 
trying, without much success, to right herseK after the 
great storm of the Bevolution, is not unfrequently cited 
among ns, as an indication of some inherent incapacity 
for seM-govemment among the French people. I think, 
however, that Englishmen who argue thus, forget that, 
from the meeting of the Long Parliament in 1640, to 
the last Stuart rebellion in 1745, is a hundred and five 
years, and that^ in the middle of the last century, we 
had but just safely freed ourselves from our Bourbons 
and all that they represented. The corruption of our 
state was as bad as that of the Second Empire. Bribery 
was the instrument of government, and peculation its 
reward. Four-fifths of the seats in the House of Com- 
mons were more or less openly dealt with as property. A 
minister had to consider the state of the vote market, and 
the sovereign secured a sufficiency of " king's friends " by 
payments allotted with retail, rather than royal, sagacity. 

Barefaced and brutal immorality and intemperance 
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pervaded the land, from the highest to the lowest classes 
of societj. The Established Church was torpid, so &r 
as it was not a scandal ; bnt those who dissented from 
it came within the meshes of the Act of TJniformity, 
the Test Act, and the Corporation Act. By law, such a 
man as Priestley, being a Unitarian, conld neither teach 
nor preach, and was liable to ruinous fines and long im- 
prisonment.* In those days, the guns that were pointed 
by the Church against the Dissenters were shotted. The 
law was a cesspool of iniquity and cruelty. Adam Smith 
was a new prophet whom few regarded, and commerce 
was hampered by idiotic impediments, and ruined by 
still more absurd help, on the part of government. 

Birmingham, though already the centre of a consid- 
erable industry, was a mere village as compared with 
its present extent. People who travelled went about 
armed, by reason of the abundance of highwaymen and 
the paucity and inefficiency of the police. Stage coaches 
had not reached Birmingham, and it took three days to 
get to London. Even canals were a recent and much 
opposed invention. 

Newton had laid the foundation of a mechanical con- 
ception of the physical universe: Hartley, putting a 
modern face upon «jicient materialism, had extended 
that mechanical conception to psychology ; Linnaeus and 
Haller were beginning to introduce method and order 
into the chaotic accumulation of biological facts. But 
those parts of physical science which deal with heat^ 

* In 17S2 Doddridge was cited for teaching without the Bishop's 
leave, at Northampton. 



JOSEPH PRIESTLEY. 181 

electricity, and magnetism, and above all, chemifitrj, in 
the modem sense, can hardly be said to have had an 
existence. Ko one knew that two of the old elemental 
"bodies, air and water, are componnds, and that a third, 
£re, is not a substance but a motion. The great indus- 
tries that have grown out of the applications of modem 
scientific discoveries had no existence, and the man who 
should have foretold their coming into being in the days 
of his son, wonld have been regarded as a mad enthusiast. 

In common with many oilier excellent persons, 
Priestley believed that man is capable of reaching, and 
will eventually attain, perfection. If the temperature 
of space presented no obstacle, I should be glad to 
entertain the same idea; but judging from the past 
progress of our species, I am afraid that the globe 
will have cooled down so far, before the advent of this 
natural millennium, that we shsdl be, at best, perfected 
Esquimaux. For all practical purposes, however, it is 
enough that man may visibly improve his condition in 
the course of a century or so. And, if the picture of 
the state of things in Priestley's time, which I have 
just drawn, have any pretence to accuracy, I think it 
must be admitted that there has been a considerable 
change for the better. 

I need not advert to the well-worn topic of material 
advancement, in a place in which the very stones testify 
to that progress — ^in the town of "Watt and of Boulton. 
I will only remark, in passing, that material advance- 
ment has its share in moral and intellectual progress. 



132 JOSEPH PRIESTLET. 

Becky Sharp's acate remark that it is not difficult to be 

virtaonB on ten thousand a year, has its application to 

nations ; and it is futile to expect a hungry and squalid 

population to be anything but violent and gross. But 

as regards other than material welfare, although perfect 

tion is not yet in sight — even from the mast-head — it. is 

surely true that things are much better than they were. 

Take the upper and middle classes as a whole, and it 

may be said that open immorality and gross intemperance 

have vanished. Four and six bottle men are as extinct 

as the dodo. Women of good repute do not gamble, 

and talk modelled upon Dean Swift's "Art of Polite 

Conversation " would be tolerated in no decent kitchen. 

Members of the legislature are not to be bought; 

and constituents are awakening to the fact that votes 

must not be sold— ^ven for such trifles as rabbits and 

tea and cake. Political power has passed into the hands 

I of the masses of the people. Those whom Priestley 

calls their servants have recognised their position, and 

have requested the master to be so good as to go to 

school and fit himself for the administration of his prop. 

erty. No civil disability attaches to any one on theo- 

o^n f ^1^"^^' """"^ *^^ ^^^^* ^^<^ of the state are 
opento Papist, Jew, or Secularist.* 

"iiatever mAn'a ^^* • 
lishment t,« opimons as to the poKcy of Estab- 

•The recent ^™* ^^^ '"'^ COnvei«ation, 

^W* H la to t.^S^S^ °' *^ Ho««, of Commone ih«,w » donbt. 
«^ "tateinent (Se^^^8^' "^ ^'>^^ on the «cu««7 of 
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zealous in the discharge of their duties ; and, at present, 
apparently, more bent on prosecuting one another than 
on meddling with Dissenters. Theology itself has broad- 
ened so much, that Anglican divines put forward doc- 
trines more liberal than those of Priestley ; and, in our 
state-supported churches, one listener may hear a sermon 
to which Bossuet might have given his approbation, 
while another may hear a discourse in which Socrates 
would find nothing new. 

But great as these changes may be, they sink into 
insignificance beside the progress of physical science, 
whether we consider the improvement of methods of 
investigation, or the increase in bulk of solid knowledge. 
Consider that the labours of Laplace, of Young, of Davy, 
and of Faraday ; of Cuvier, of Lamarck, and of Bobert 
Brown ; of Yon Baer, and of Schwann ; of Smith and 
of Hutton, have all been carried on since Priestley dis- 
covered oxygen ; and consider that they are now things 
of the past, concealed by the industry of those who have 
built upon them, as the first founders of a coral reef 
are hidden beneath the life's work of their successors ; 
consider that the methods of physical science are slowly 
spreading into aU investigations, and that proofs as valid 
as those required by her canons of investigation, are 
being demanded of all doctrines which ask for men's 
assent ; and you will have a faint image of the astound- 
ing difference in this respect between the nineteenth 
century and the eighteenth. 

If we ask what is the deeper meaning of all these 
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vast changes, I think there can be but one reply. They 
mean that reason has asserted and exercised her primacy 
over all provinces of human activity : that ecclesiastical 
authority has been relegated to its proper place; that 
the good of the governed has been finally recognised 
as the end of government, and the complete responsibil- 
ity of governors to Ihe people as its means ;. and that the 
dependence of natural phenomena in general, on the laws 
of action of what we call matter has become an axiom. 

Eut it was to bring these things about, and to en- 
force the recognition of these truths, that Joseph Priest- 
ley laboured. K the nineteenth century is other and 
better than the eighteenth, it is, in great measure, to I 
him and to such men as he, that we owe the change. 1 
If the twentieth century is to be better than the nine- 
teenth, it will be because there are among us men who 
walk in Priestley's footsteps. 

Such men are not those whom Iheir own generation 
delights to honour; such men, in fact, rarely trouble 
themselves about honour, but ask, in another spirit than 
FalstaflPs, "What is honour? Who hath it? He that 
died o' Wednesday." But whether Priestley's lot be 
theirs, and a future generation, in justice and in grati- 
tude, set up their statues; or whether their names and 
fame are blotted out from remembrance, their work will 
live as long as time endures. To all eternity, the sum 
of truth and right will have been increased by their 
means; to all eternity, falsehood and injustice will be 
the weaker because they have lived. 



VI. 



ON THE METHOD OF ZADIG: 

BSTBOSPECnVE FBOFHEGT AS A FUNCTION OF 8CIENGE. 
^^Une marque plus eAre que toutes celles de Zadig." — Cuyixb.* 

It is a nsnal and a commendable practice to preface 
the discussion of the views of a philosophic thinker by 
some acconnt of thelaan and of the circumstances which 
shaped his life and coloured his way of looking at 
things ; but, though Zadig is cited in one of the most 
important chapters of Ouvier's greatest work, little is 
known about him, and that little might perhaps be bet- 
ter authenticated than it is. 

It is said that he lived at Babylon in the time of 
King Moabdar; but the name of Moabdar does not 
appear in the list of Babylonian sovereigns brought to 
light by the patience and the industry of the decipher- 
ers of cuneiform inscriptions in these later years; nor 
indeed am I aware that there is any other authority for 
his existence than that of the biographer of Zadig, one 
Arouet de Voltaire, among whose more conspicuous mer- 

* ''DiBoours sur lea r^yolutions de la surface du globe/' Heeherehes tur 
Ub oasemena/omks, Ed. iy. t. i. p. 186. 
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its strict historical accuracy is perhaps hardly to be reck- 
oned. 

Happily Zadig is in the position of a great many 
other philosophers. What he was like when he was in 
the flesh, indeed whether he existed at all, are matters of 
no great consequence. What we care aboat in a light is 
that it shows the way, not whether it is lamp or candle, 
tallow or wax. Oar only real interest in Zadig lies in 
the conceptions of which he is the putative father ; and 
his biographer has stated these with so much clearness 
and vivacious illustration, Ihat we need hardly feel a 
pang, even if critical research should prove King Moab- 
dar and all the rest of the stoiy to be unhistorical, and 
reduce Zadig himself to the shadowy condition of a solar 
myth. 

Voltaire tells us that, disenchanted with life by sun- 
dry domestic misadventures, Zadig withdrew from the 
turmoil of Babylon to a secluded retreat on the banks of 
the Euphrates, where he beguiled his solitude by the 
study of nature. The manifold wonders of the world of 
life had a particular attraction for the lonely student ; 
incessant and patient observation of the plants and ani- 
mals about him sharpened his naturally good powers of 
observation and of reasoning; until, at length, he ac- 
quired a sagacity which enabled him to perceive endless 
minute differences among objects which, to the untutored 
eye, appeared absolutely alike. 

It might have been expected that this enlaigement of 
the powers of the mind and of its store of natural knowl- 



ON THE METHOD OF ZADIG. 137 

edge could tend to nothing bnt the increase of a man's 
own welfare and the good of his fellow-men. Bat Zadig 
^w^as fated to experience the vanity of snch expectations. 

One day, walking near a little wood, he saw, hastening that 
"waj, one of the Queen's diief ennuchs, followed by a troop of offi- 
cials, who appeared to be in the greatest anxiety, running hither 
and thither like men distraught, in search of some lost treasure. 

** Young man,'' cried the eunuch, ** have you seen the Queen's 
dog?" Zadig answered modestly, *' A bitch, I think, not a dog." 
*^ Quite right," replied the eunuch; and Zadig continued, " A very 
small spaniel who has lately had puppies; she limps with the left 
foreleg, and has very long ears." ** Ah ! you have seen her then," 
said the breathless eunuch. *' No," answered Zadig, ** I have not 
seen her ; and I really was not aware that the Queen possessed a 
spaniel" 

By an odd coincidence, at the very same time, the handsomest 
horse in the King's stables broke away from his groom in the Baby- 
lonian plains. The grand huntsman and all his staff were seeking 
the horse with as much anxiety as the eunuch and his people the 
spaniel ; and the grand huntsman asked Zadig if* he had not seen 
the King's horse go that way. 

«A first-rate galloper, small-hoofed, five feet high; tail three 
feet and a half long ; cheek pieces of the bit of twenty-three carat 
gold ; shoes silver? " said Zadig. 

" Which way did he go ? Where is he ? " cried the grand hunts- 
man. 

*' I have not seen anything of the horse, and I never heard of 
him before," replied Zadig. 

The grand huntsman and the chief eunuch made sure that Zadig 
had stolen both the King's horse and the Queen's spaniel, so they 
haled him before the High Court of Desterham, which at once con- 
demned him to the knout, and transportation for life to Siberia. 
Bnt the sentence was hardly pronounced when the lost horse and 
spaniel were found. So the judges were under the painful necessity 
of reconsidering their decision ; but they fined Zadig four hundred 
ounces of gold for saying he had seen that which he had not 
seen. 

The first thing was to pay the fine ; afterwards Zadig was per^ 
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mitted to open his defence to the court, which he did in the follow- 
ing tenns : 

*^ Stars of justice, abysses of knowledge, mirrors of tmth, whose 
gravity is as that of lead, whose inflexibUity is as that of iron, who 
rival the diamond in cleamess,.and possess no little affinity with 
gold ; since I am permitted to address yonr angost assembly, I 
swear by Ormnzd that I have never seen the resectable lady dog 
of the queen, nor beheld the sacrosanct horse of the King of Kings, 

^* This is what happened. I was taking a walk towards the 
little wood near which I subsequently had the honour to meet tlie 
venerable chief eunuch and the most illustrious grand huntsman. I 
noticed the track of an animal in the sand, and it was easy to see 
that it was that of a small dog. Long faint streaks upon the little 
elevations of sand between the footmarks convinced me that it was 
a she dog with pendent dugs, showing that she must have had pup- 
pies not many days since. Other scrapings of the sand, which 
always lay close to the marks of the forepaws, indicated that she 
had very long ears ; and, as the impriut of one foot was always 
fainter than those of the other three, I judged that the lady dog of 
our august Queen was, if I may venture to saj so, a little lame. 

*^ With respect to the horse of the King of Kings, permit me to 
observe that, wandering through the paths which traverse the 
wood, I noticed the marks of horse-shoes. They were all equi- 
distant. * Ah P said I, ^ this is a famous galloper.' In a narrow 
alley, only seven feet wide, the dust upon the trunks of the trees 
was a litde disturbed at three feet and a half from the middle of the 
path. * This horse,' said I to myself * had a tail three feet and a 
half long, and, lashing it from one side to the other, he has swept 
away the dust.' Branches of the trees met overhead at the height 
of five feet, and under them I saw newly fallen leaves ; so I knew 
that the horse had brushed some of the branches, and was therefore 
five feet high. As to his bit, it must have been made of twenty- 
three carat gold, for he had rubbed it against a stone, which turned 
out to be a touchstone, with the properties of which I am f axniliar 
by experiment Lastly, by the marks which his shoea left upon 
pebbles of another kind, I was led to think that his shpes were of 
fine silver." 

All the judges admired Zadig's profound and subtle discern- 
ment ; and the fame of it reached even the King and the Qn«en. 
From the ante-rooms to the presence-chamber, Zadig's name was 
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in everybody's moath ; and, althongh many of the magi were of 
opinion that he ought to be burnt as a sorcerer, the King com* 
manded that the four hundred ounces of gold which he had been 
fined should be restored to him. So the officers of the court went 
m state with the four hundred ounces ; on}y they retained three 
handred and ninety-eight for legal expenses, and their servants ex- 
pected fees. 

Those who are interested in learning more of the fate- 
ful hifltory of Zadig most torn to the original ; we are 
dealing with him only as a philosopher, and this l»ief 
excerpt snflSces for the exemplification of the nature of 
his eondasions and of the method by which he arrived 
at them. 

These conclusions may be said to be of Hie nature of 
retrospectiye prophecies; though it is perhaps a little 
hazardous to employ phraseology which perilously sug- 
gests a contradiction in terms — ^the word ^^ prophecy" 
being so constantly in ordinary use restricted to ^^fore- 
telling.'' Strictly, however, the term prophecy as much 
applies to outspealdng as to foretelling ; and, even in the 
restricted sense of ^^ divination," it is obvious that the 
essence of the prophetic operation does not lie in its 
backward or forward relation to the course of time, but 
in the fact that it is the apprehension of that which lies 
out of the sphere of immediate knowledge ; the seeing of 
that which to the natural sense of the seer is invisible. 

The foreteller asserts that, at some future time, a 
properly situated observer will witness certain events; 
the clairvoyant declares that, at this present time, certain 
things are to be witnessed a thousand miles away ; the 
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retroepectiye prophet (would that there were such a wofd 
aa '^ backteller ! ") affirma that so many hours or years 
ago, such and such things were to be seen. In all these 
cases, it is only the relation to time which alters — ^the 
process of divination beyond the limits of possible direct 
knowledge remains the same. 

Ko doubt it was their instinctive recognition of the 
analogy between Zadig's results and those obtained by 
authorised inspiration which inspired the Babylonian 
magi with the desire to bum the philosopher. Zadig 
admitted that he had never either seen or heard of the 
horse of the king or of the spaniel of the queen ; and 
yet he ventured to assert in the most positive manner 
that animals answering to their description did actually 
exist, and ran about the plains of Babylon. If his 
method was good for the divination of the course of 
events ten hours old, why should it not be good for 
those of ten years or ten centuries past ; nay, might it 
not extend to ten thousand years and justify the impi- 
ous in meddling with the traditions of Cannes and the 
fish, and all the sacred foundations of Babylonian cos- 
mogony ? 

But this was not the worst. There was another con- 
sideration which obviously dictated to the more thought- 
ful of the magi the propriety of burning Zadig out of 
*u . His defence was worse than his offence. It 
dan^^^ *^** ^*8 mode of divination was fraught with 
Prid? of*h ^^^^^^^ i« general. Swollen with the 

^^^ reason, he had ignored the established 
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canons of magian lore ; and, tniBting to what after all 
^^"was mere carnal common sense, lie professed to lead 
men to a deeper insight into nature than magian wis- 
dom, with all its lofty antagonism to everything com- 
mon, had ever reached. What, in fact, lay at the 
foundation of all Zadig's arguments but the coarse com- 
monplace assumption, upon which every act of our 
daily lives is based, that we may conclude from an ef- 
fect to the pre-existence of a cause competent to pro- 
duce that effect? 

The tracks were exactly like those which dogs and 
horses leave; therefore they were the effects of such 
animals as causes. The marks at the sides of the fore 
prints of the dog track were exactly such as would be 
produced by long trailing ears ; tiieref ore the dog's long 
ears were the causes of these marks — and so on. Noth- 
ing can be more hopelessly vulgar, more unlike the ma- 
jestic development of a system of grandly unintelligible 
conclusions from sublimely inconceivable premisses, such 
as delights the magian heart. In fact, Zadig's method 
was nothing but the method of all mankind. Eetro- 
spective prophecies, far more astonishing for their mi- 
nute accuracy than those of Zadig, are familiar to those 
who have watched the daily life of nomadic people. 

From freshly broken twigs, crushed leaves, disturbed 
pebbles, and imprints hardly discernible by the untrained 
eye, such graduates in the University of Nature will 
divine, not only the fact that a party has passed that 
way, but its strength, its composition, the course it took, 
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and the number of honrs or days which have elapsed 
since it paaeed* But they are able to do this because, 
like Zadig, they perceive endless minute difEerences * 
where untrained eyes discern nothing ; and because the 
unconscious logic of common sense compels them to 
account for these effects by the causes which they know 
to be competent to produce them. 

And such mere methodised savagery was to discover 
the hidden things of nature better than d priori de- 
ductions from the nature of Ormuzd — perhaps to give 
a history of the past, in which Oannes would be alto- 
gether ignored ! Decidedly it were better to bum this 
man at once. 

If instinct, or an unwonted use of reason, led Moab- 
dar's magi to this conclusion two or three thousand 
years ago, all that can be said is that subsequent history 
has fully justified them. For the rigorous application 
of Zadig's logic to the results of accurate and long-<K>n- 
tinued observation has founded all those sciences which 
have been termed historical or palsetiological, because 
they are retrospectively prophetic and strive towards I 

the reconstruction in human imagination of events which 
have vanished and ceased to be. 

History, in the ordinary acceptation of the word, is 
based upon the interpretation of documentary evidence ; 
and documents would have no evidential value unless 
historians were justified in their assumption that they 
have come into existence by the operation of causes simi- 
lar to those of which documents are, in our present 
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experience, the efifecte. If a written histoiy can be pro- 
duced otherwise than by human agency, or if the man 
who wrote a given document was actuated bj other than 
ordinary hnman motives, snch docnmenta are of no more 
evidential valae than so many arabesqneB. 

Aichteology, .which takes up the thread of history 
beyond the point at which doenmentary evidence fails 
us, conld have no existence, except for oar well-gronnded 
confidence that monuments and works of art or artifice, 
have never been produced by causes different in kind 
from those to which they now owe their origin. And 
geology, which traces back the course of history beyond 
the limits of archaeology, conld tell ns nothing except 
for the assomption that, millions of years ago, water, 
heat, gravitation, friction, animal and vegetable life, 
caused effects of the same kind as they do now. Nay, 
even physical astronomy, in so far as it takes as back 
to the uttermost point of time which paltetiologioal sd- 
ence can reach, is founded upon the same assumption. 
If the law of gravitation ever failed to be true, even 
to the smaHest extent, for that period, the calculations 
of the astronomer have no application. 

The power of prediction, of prospective prophecy, is 
that which is commonly regarded as the great preroga- 
tive of physical scienoe. And truly it is a wonderful 
fact that one can go into a shop and buy for small 
a book, the " Nautical Almanac," which will f orete 
exact position to be occupied by one of Jupiter's i 
tax. months hence; nay more, iitai, if }t vi§r^ 
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while, the Astronomer Boyal could f nmish ub with as 
infallible a prediction applicable to 1980 or 2980. 

But astronomy is not less remarkable for its power 
of retrospective prophecy. 

Thales, oldest of Oreek phUosophers, the dates of 
whose birth and death are uncertain, bat who flonrished 
about 600 B. 0., is said to have foretold an eclipse of the 
sun which took place in his time during a battle between 
the Medes and the Lydians. Sir Greorge Airy has writ- 
ten a veiy learned and interesting memoir* in which 
he proves that such an eclipse was visible in Lydia on the 
afternoon of the 28th of May in the year 585 b. a 

JSo one doubts that, on the day and at the hour 
mentioned by the Astronomer Eoyal, the people of 
Asia Minor saw the face of the sun totally obscured. 
But, though we implicitly believe this retrospective 
prophecy, it is incapable of verification. In the total 
absence of historical records, it is impossible even to 
conceive any means of ascertaining directly whether 
the eclipse of Thales happened or not All that can 
be said is, that the prospective prophecies of the astron- 
omer are always verified; and that, inasmuch as his 
retrospective prophecies are the result of following back- 
wards, the very same method as that which invariably 
leads to verified results, when it is worked forwards, 
there is as much reasoQ for placing full confidence in 
the one as in the other. Be^spective prophecy is / 

* '^ On the Eclipses of Agathodes, Thftles, and Xev^es^'f fMhfophicd 
9VafMac<iofM^ toL cxliiL 



ON THE METHOD OF ZADIG. 145 

therefore a legitimate function of astronomical science ; 
and if it is legitimate for one science it is Intimate 
for all ; the fundamental axiom on which it rests, the 
oonstancj of the order of nature, being the common 
foundation of all scientific thought. Indeed, if there 
can be grades in legitimacy, certain branches of science 
have the advantage over astronomy, in so far as their 
retrospective prophecies are not only susceptible of yeri- 
fication, but are sometimes strikingly verified* 

Such a science exists in that application of the prin- 
ciples of biology to the interpretation of the animal 
and vegetable remains imbedded in the rocks which com* 
pose the surface of the globe, which is called Pakoontology. 

At no very distant time, the question whether these 
so-called ^^fossik" were really the remains of animals 
and plants was hotly disputed. Yery learned persons 
maintained that they were nothing of the kind, but a 
sort of concretion, or crystallisation, which had taken 
place within the stone in which they are found; and 
which simulated the forms of animal and vegetable life, 
just as frost on a window-pane imitates vegetation. At 
the present day, it would probably be impossible to find 
any sane advocate of this opinion ; and the fact is rather 
surprising, that among the people from whom the circle- 
squarers, perpetual-motioners^ flat-earth men and the like, 
are recruited, to say nothing of table-turners and spirit- 
rappers, somebody has not perceived the easy avenue to 4 
nonsensical notoriety open to any one who will take up 
the good old doctrine, that fossils are all histis naturcB. 
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The pofiition wonld be impregnable^ masmuch aa it 
is quite impoflsible to prove the contrary. If a man 
chooee to maintain that a fossil oyster shell, in spite of 
its correspondenoe, down to every minutest parttcolar, 
with that of an oyster fresh taken out of the sea, was 
never tenanted by a living oyster, but is a mineral eon- 
cretion, there is no demonstrating his error. All that 
can be done is to show him that, by a parity of reason* 
ing, he is bound to admit that a heap of oyster dielb 
outside a fishmonger's door may also be ^^ sports of na- 
ture," and that a mutton bone in a dust-bin may have 
had the like origin. And when you cannot prove that 
people are wrong,, but only that they are absurd, the 

« 

best course is to let them alone. 

The whole fabric of paleontology, in fact, falls to 
the ground unless we admit the validity of Zadig's great 
principle, that like effects imply like causes; and that 
the process of reasoning from a shell, or a tooth, or a 
bone, to the nature of the animal to which it belonged, 
rests absolutely on the assumption that the likeness of 
this shell, or tooth, or bone, to that of some animal with 
which we are already acquainted, is such that we are 
justified in inferring a corresponding degree of likeness 
in the rest of the two organisms. It is on this very 
simple principle, and not upon imaginary laws of physio- 
logical correlation, about which, in most cases, we know 
nothing whatever, that the so-called restorations of the 
paleontologist are based. 

Abundant illustrations of this truth will occur to 
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every one who is f amilar with palseontology ; none is 
tnore stiitable than the case of the so-called Bdemnites, 
In the early days of the study of fossils, this name was 
given to certain elongated stony bodies, ending at one 
extremity in a conical point, and tmncated at the other, 
which were commonly reputed to be tlhunderbolts, and 
88 such to have descended from the sky. They are 
common enough in some parts of England ; and, in the 
condition in which they are ordinarily found, it might 
be difficult to give satisfactory reasons for denying them 
to be merely mineral bodies* 

They appear, in fact, to consist of nothing but con- 
centric layers of carbonate of lime, disposed in sub- 
crystalline fibres, or prisms, perpendicular to the layers. 
Among a great number of specimens of these Belem- 
zutes, however, it was soon observed that some showed 
a conical cavity at the blunt end; and, in stiU better 
preserved specimens, this cavity appeared to be divided 
into chambers by delicate saucer-shaped partitions, situ- 
ated at regular intervals one above the other. Kow 
there is no mineral body whidi presents any structure 
comparable to this, and the conclusion suggested itself 
that the Belemnites must be the effects of causes other 
than those which are at work in inorganic nature. On 
dose enmination, the saucer -shaped partitions were 
proved to be all perforated at one point, and the per- 
forations being dtuated exactly in the same line, the 
chambers were seen to be traversed by a canal, or ^ 
phv/n^j which thus connected the smallest or apical 
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chamber with the laigest There is nothing like this 
in the vegetable world; but an exactly corresponding 
stmcture is met with in the shells of two kinds of exist- 
ing animalsi the pearly NwiMub and the Spindaj and 
only in them. These animals belong to the same di- 
vision — the Cephalopoda — ^as the cuttle-fish, the squid, and 
the octopus. But they are the only existing members 
of the group which possess chambered, siphunculated 
shells; and it is utterly impossible to trace any physio- 
logical connection between the very peculiar structural 
characters of a cephalopod and the presence of a cham- 
bered shell. In fact, die squid has, instead of any sucli 
shell, a homy ^^pen," the cuttle-fish has the so-called 
^^ cuttle -bone," and the octopus has no shell, or, at 
most, a mere rudiment of one. 

Nevertheless, seeing that there is nothing in nature 

at all like the chambered shell of the Belemnite, except 

the shells of the NavMu% and of the Spvnday it was 

legitimate to prophesy that the animal from which the 

fossil proceeded must have belonged to the group of the 

^'*a*<>poaa. Ifautdlua and Spirula are both very rare 
animals bnf +1. 
Usht fh ' • ^ progress of investigation brought to 

^riBti ^^S^^^ fact, that, though each has the charao- 

^^x>zn ti , ^^^podous organisation, it is very different 

^^ ^%>irtiZa • ^* ^^® ^'^ of Nautilus is external, that 

^^^ ; Jra^^e^Z^^^^^ ' NmUUm has four gills, J^nrula 

^^^J^ ten arnj r^ multitudinous tentacles, Spirula has 

"^^ the aqui^ ^th homy rimmed suckers; J^inruiaj 

^^ cuttle-fishes, which it closely re* 
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sembles, has a bag of ink wlucli it squirts out to cbver 
its retreat when idarmed ; NmMus has none. 

!No amonnt of physiological reasoning could enable 
any one to say whether the animal which fabricated the 
Selemnite was more like Nautilus^ or more like Bpwvla, 
Snt the accidental discovery of Belemnites In due con- 
nection with black elongated masses which were cer- 
tainly fossilised ink-bags, inasmuch as the ink could be 
ground up and used for painting as well as if it were 
recent sepia, settled the question; and it became per- 
fectly safe to prophesy that the creature which fabricated 
the Belemnite was a two-gilled cephalopod with suckers 
on its arms, and with all the other essential features 
of our living squids, cuttle-fishes, and SpwuloB. The 
paleontologist was, by this time, able to speak as confi- 
dently about the animal of the Belemnite, as Zadig 
was respecting the queen^s spaniel He could give a 
very fair description of its external appearance, and even 
enter pretty fully into the details of its internal organi- 
sation, and yet could declare that neither he, nor any 
one else, had ever seen one. And as the queen's spaniel 
was found, so happily has the animal of the Belemnite ; 
a few exceptionally preserved specimens having been 
discovered, which completely verify the retrospective 
prophecy of those who interpreted the facts of the case 
by due application of the method of Z^adig. 

These Belemnites flourished in prodigious abundance 
in the seas of the mesozoic or secondary age of the 
world's geological history; but no trace of them has 
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been found in any of the tertiary deposits, luad they 
appear to have died ont towards the close of the mesozoic 
epoch. The method of Zadig, therefore, implies in full 
force to the events of a period which is immeasurably 
remote, which long preceded the origin of the most 
conspicuous* mountain masses of the present world, and 
the deposition, at the bottom of the ocean, of the ro<^ 
which form the greater part of the soil of our present 
continents. The Euphrates itself, at the mouth of which 
Oannes landed, is a thing of yesterday compared with a 
Belemnite; and even the liberal chronology of Magian 
cosmogony fixes the beginning of the world only at a 
time when other applications of Zadig's method afford 
conyindng evidence that, could we have been there to 
see, things would have looked very much as they do 
now. Truly the magi were wise in their generation; 
they foresaw rightly that this pestilent application of 
the principles of common sense, inaugurated by Zadig, 
would be their ruin. 

But it may be said that the method of Zadig, which 
is simple reasoning from analogy, does not account for 
the most striking feats of modem paleontology — the re- 
construction of entire animals from a tooth or perhaps 
a fragment of a bone ; and it may be justly uiged that 
Ouvier, the great master of this kind of investigation, 
gave a very different account of the process which 
yielded -such remarkable results. 

Ouvier is not the first man of ability who has failed 
to make his own mental processes clear to himself, and 
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he will not be the Ust. The matter can be euUy tested. 
Search the eight Tolomes of &e "Beoherehes ear les 
Oasemens foesUes" from cover to cover, and nothing but 
t^ application of tba meAod of Zadig will be found 
in the ai^nments by which a fragment of a akeletou is 
iQade to reveal the characters of the animal to which it 
belonged. 

There is one well-loiown case ^ich may represent 
aU. It is an exoeUent iUiutrstion of Cnvier's edacity, 
and he evidently takes some pride in telling his story 
about it. A split slab of sttme arrived from tiie quarries 
of Hontmartre, the two halves of which contained the 
greater part of the skeleton of a small animaL On care- 
fnl examinations of the characters of the teeth and of the 
lower jaw, which happened to be exposed, Oavier assured 
himself that they presented snob a very dose resemblance 
to the potre^tondii^ parte in the living opossums that he 
at once assigned the fossil to fiiat genus. 

Now the opOBanms are nnlike most mammals in that 
they poBSHs two bones' itttaehed to the fore part of the 
p^Ti8,'wfaicfa are commonly called "marsupial boQes." 
The name is a misnomer, originally c6nferred because H 
was thought that tiieee bones have something to do with 
die support of the pooch, or manopinm, with which 
some, tnit not all, of the opoeaums are provided, 
matter of fact, th^ have nodiing to do with the s 
of the pouch, and th^ exist as much in iiiose op 
which have no pouches as in those which posseae 
In truth, no one knows what the use of these bom 
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be, not has amj Ttlid theray of their phyaiological import 
yet been snggested. And if we have no knowledge of 
the phynological importauMe of tiie bonee thenuelTes, it 
IB obTioady sbBord to pretend that we are able to pre 
phynological nuooB why the p rown ee of these bones is 
Meociated with owtain pecoliaiitieB of tlie teeth and of 
the jaws. If any one knows why f onr molar teeth and 
an inflected an^^ of the jaw are very generally found 
along with marsupial bonee, he has not yet oommtmicated 
tbat knowledge to the worid. 

If, however, Zadig was right in oonclnding from the 

fflceneas of the hoof-prints which he observed to • hone's 

th»t the creature which made them had a taQ like that of 

* '^ OnWer, seeing that the teeth and jaw of his f oesil 

T^ere just lite those of an opossnm, had the same right to 

oonc nde that the pelvis would also be like an opossmn's ; 

proDi "^ ^'"^ ^"* conviction that this tetroepective 

^oi«,^'d*^°' "* animal which he had never seen 

of year-"" ^rf** ^^^ ^*®«^ dead and buried for miOions 

J^Wa, would ha ■.r^sjs J. . 

*^« f^h which .^®™ied, that he went to work upon 

^°^ of finding *^"?*°®f *^e pelvis in confident expecta- 

** *ie satiafactio^ / ^^^^^ bare the "marsupial bones," 

*** ^'tnese then- M^ /<>«»« persons whom he had invited 

"^^o- «e fit en pt^^""** ^ *»« «^7- '-" Cette op^ 

•^^ ttmoncd d'avanoJr . ^"elques personnes k qui j'en 

^^^-r p«. fe f^I^7j« -^Itet, dans Pintention de ieur 

SX?r*^^«* "^"ttl"^ i^^rieszoologiques; 
"^*^ ?«'eUe donne de ^l ^^"^ «* ««« oontredit la 
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In the " OBsemens foBBiles " Cavier leaves his paper 
jast as it first appeared in the " Annalee da Kos^nni,^' 
as " a cnrioos moDomeiit of the force of zoological laws 
and of the nse which may be made of them." 

Zoological laws troly, but not physiological laws. If 
one sees a lire dog's head, it is extremelj probable that 
I . a dog's tail is not far oS, though nobody can say why 
that sort of head and that sort of tail go together ; what 
physiological oonnectiMi there is between the two. So, 
in the case of the Montmartre fossil, Cavier, finding a 
thorongh opossum's head, conclnded that the pdvis also 
would be like an opossum's. But, most assuredly, the 
most advanced physiolc^at of the present day could 
throw no h'ght on the qnestion why these are associated, 
nor could pretend to affirm that the existence of the one 
is neceBsarily connected with that of the other. In fact, 
had it so happened that the pelvis of the fossil had been 
originally exposed, while the head lay hidden, the pres- 

1 ence of the "marsnpial bones," however like they might 

have been to an opossum's, would by no means have 
warranted the prediction that the BkoU would tarn ont 

' to be that of the opoeenm. It might jost as well have 

been like that of some other 3Iarsnpialj or even like 

\ that of the totally tiifEerent group of Monotremes, of 

I which the only living representatives are the .Echidna 

I and the OmUA^frhynahiu. 

' ' For all practical purpoaes, however, the < 

laws of co-ordination of stractnrefl, which are e 

y in the generalisations of morphology, may be co 
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trusted, if employed with due caution, to lead to a just 
interpretation of f oeail remains ; or, in other words, we 
may look for the verification of the retrospectiye prophe- 
cies which are baaed upon them. 

And if this be the case, the late advances which have 
been made in paleontological disoovery open out a new- 
field for such prophecies. For it has been ascertauied 
with respect to many groups of animals, Uiat, as we traoe 
tiiem back in time, their ancestors gradually cease to ex- 
hibit those special modifications which at present charac- 
terise the type, and more nearly embody the general plan 
of the group to which they belong. 

Thus, in the weU-known case of the horse, the toes 
which are suppressed in the living horse are .found to be 
more and more complete in the older members of the 
group, until, at the bottom of the Tertiary series of 
America, we find an equine, animid which has four toes 
in front and three behind. No remains of the horse i 

tribe are at present known from any Mesozoio deposit. 
Yet who can doubt that, whenever a sufficiently exten- < 

sive series of lacustrine and fluviatile beds of that age f 

becomes known, the lineage which has been traced thus 
far will be continued by equine quadrupeds with an in- | 

creasing number of digits, until the horse type merges in 
the five-toed form towards which these gradations point! 

But the argument which holds good for the horse, ^ 

holds good, not only for all mammals, but for the whole | 

animal world. And as the study of the pedigrees, or 
Knes of evolution, to which, at present, we have access. 
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brings to light, as it assnredlj will do, the lawB of that 
process, we shall be able to reason from the facts with 
which the geological record fmnishee us to those which 
have hitherto remained, and many of which, perhaps, 
mxy for ever remain, hidden. The same method of 
reasoning which enables ns, when famished with a frag- 
ment of an extinct animal, to prophesy the character 
which the whole oi'ganism exhibited, will, sooner or 
later, enable us, when we know a few of the later terms 
of a genealogies series, to predict the natnre of the 
earlier terms. 

In no Tory distant fntore, the method of Zadig, ap- 
plied to a greater body of &cts than the present genera- 
tion is fortunate enough to handle, will enable the biolo- 
gist to reconstmet the scheme of life from it£ beginning, 
and to speak as confidently of the character of long ex- 
tinct living beings, no trace of whidi has been preserved, 
as Zadig did of the queen's spaniel and the king's 
hotae. Let ns hope that they may be better rewarded 
for their toil and their sagacity than was the Babylonian 
l^iOoeopher ; for perhaps, by tiiat time, the Magi also 
may be reckoned among the members of a foigottoi 
Fanna, extingnished in the struggle for existence against 
thdr great rival, common sense. 



vn. 

ON THE BORDER TERRITORY BETWEEN 
THE ANIMAL AND THE VEGETABLE 
KINGDOMS. 

In the whole history of science there is nothing more 
remarkable than the rapidity of the growth of biological 
knowledge within the last half-centnry, and the extent 
of the modification which has thereby been effected in 
some of the fundamental conceptions of the naturalist. 
In the second edition of the ^^ R^gne Animal," pub- 
lished in 1828, Guvier devotes a special section to the 
^' Division of Organised Beings into Animals and Vege- 
tables," in which the question is treated with that com- 
prehensiveness of knowledge and clear critical judgment 
which characterise his writings, and justify us in regard- 
^^g them as representative expressions of the most exten- 
sive, if not the prof oundest, knowledge of his time. He 
*®Ufl us that living beings have been subdivided from 
® earliest times into animated heings^ which possess 
^8© and motion, and iTiammated hemgsj which are 
^^^ of these functions, and simply vegetate. 
1^ *^^^gh the roots of plants direct themselves 
^^® Moisture, and their leaves towards air and light, 
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— althongh the parts of some plants exhibit oecilLatiiig 
movements withoat any perceptible cause, and the leaves 
of others retract when touched, — ^yet none of theee 
movemeots justify the ascription to plants of perception 
or of will. From the mobility of animals, Cnvier, with 
liis characteristic partiality for teleological reasoning, d&r 
dnces the necessity of the existence in them of an aliment- 
ary cavity, or reservoir of food, whence their nntrition 
may be drawn by the vessels, which are a sort of internal 
roots ; and, in the presence of this alimentary cavity, he 
naturally sees the primary and the most important dia* 
tanction between animals and plants. 

Following out his teleological argument, Onvier re- 
marks that the organisation of this cavity and its appmv 
tenancee mnst needs vary according to the nature of the 
aliment, uid the operations which it has to nndei^o, 
bef(»« it can be converted into stibstances fitted for 
absorption ; while the atmosphere and the earth supply 
plants with juices ready prepared, and which can be 
absorbed immediately. As the animal body required 
to be independent of heat and of the atmosphere, there 
were no means by which the motion of its fluids conld 
be produced by internal causes. Hence arose the second 
great distinctive diaracter of animals, or the circulatory 
s^em, which is less important than the digestive, since 
it was onnecessary, and therefore is absent, in the mora 
simple animals. 

ATtimftla farther needed musdes for locomoi 
nerves for sensibility. Hence, says Cuvier, it wi 



158 AimCALS AHD PLAFTEL 

aaiy that the chemioal eomposition of the animal body 
should be more complicated than that of the plant; and 
it is BO, inasmuch as an additional sabstanoe, nitrogen, 
enters into it as an essential element ; while, in plants, 
nitrogen is only aoddentallj joined with the three other 
fundamental constitnents of organic beings— carbon, hy- 
drogen, and oxygen. Indeed, he afterwards affirms that 
nitrogen is peculiar to animals; and heran he places 
the third distinction between the animal and the plant. 
The soil and the atmosphere sup^y plants with water, 
oompoeed of hydrogen and oxygen; «r, conskdng <^ 
nitrogen and oxygen; and carbonic acid, containing 
carbon and oxygen. They retain the hydrogen and the 
carbon, exhale the superfluous oxygen, and absorb little 
or no nitrogen. The essential character of yegetable life 
is the exhalation of oxygen, which is effected tiirough 
the agency of light. Animals, on the contrary, derive 
their nourishment either directly or indirectly from 
plants. They get rid of the si^rfluons hydrogen and 
carbon, and accumulate nitrogen. The relations of plantis 
and animals to the atnfosphere are therefore inyeise. 
The plant withdraws water and carbonic acid from the 
atmosphere, the animal contributes both, to it Bespira- 
tion — that is, the absorption of oxygen and the exhala- 
tion of carbonic acid — is the specially animal function 
of animals, and coiffititutes their fourth distinetiye char- 
acter. 

Thus wrote Ouyier in 182S. But, in the fourdi and 
^Ah decades of this century, the greatest and most rapid 
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revolution wLicih biological science has eyer undergone 
y^BB efEected by the application of the modem micro- 
scope to the investigation of organic stmctnre ; by the 
introdnction of exact and easily manageable methods 
of oondacting the chemical analysis of organic com- 
poands ; and finally, by the employment of instroments 
of precision for the measurement of the physical forces 
which are at work in the living economy. 

That the semi-fluid contents (which we now term 
protoplasm) of the cells of certam plants, such as the 
ChjanB^ are in constant and r^nlar motion^ was made 
out by Bonaventnra Oorti a century ago ; bnt the fact, 
important as it was, fell into oblivion, and had to be re- 
discovered by Treviranns in 1807. Bobert Brown noted 
the more complex motions of the protoplasm in the cells 
of Trade9cmMa in 1831 ; and now such movements^ of 
the living substance of plants are well known to be some 
of the most widely-prevalent phenomena of vegetable life. 
Agardh, and odier of the botanists of Cnvier's gen^ 
eration, who occupied themselves with the lower plants, 
had observed that, under particular circumstances, the 
contents of the cells of certain water-weeds were set 
free, and moved about with considerable velocity, and 
with all the appearances of spontaneity, as locomotive 
bodies, which, from their similarity to animals of sim- 
ple organisation, were called ^^ zoospores." Even as late 
as 1845, however, a botanist of Schleiden's eminence 
dealt very sceptically with these statements; and his 
soeptieism was the more justified, since Ehrenberg, in 
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his elaborate and oompTeheiuiTe iroit on the Infuaorictf 
had declued the greater nombOT of what are now rec- 
ognised as looomotiTe plants to be animals. 

At the present day, innamerablo plmts and free 
plant cells are known to pasB the whole or part of their 
lives in an actively looomotire conditioD, in no wise 
distinguishable from that of one of the simpler aniTn a lff ; 
and, while in this condition, their movements are, to all 
appearance, as spontaneous — as mnch tiie product ot 
volition — as those of such animals. 

Hence the teleological argoment for Gavier'a first 
diagnostic character — ^the presence in animals of an ali- 
mentary cavity, or internal pocket, in which they can 
carry about their nutriment — ^haa broken down, so fax, 
at least, as his mode of stating it goes. And, with the 
advance of microscopic anatomy, the nniversality of the 
fact itself among animals has ceased to be predicable. 
Many animals of even complex stmctore, which live 
parasitically wi&in others, are wholly devoid of an ali- 
try cavity. Their food is provided for them, not 
■eady cooked, bnt ready digested, and the alimentary 
become superflaons, has disappeared. Again, the 
of most Botifera have no digestive apparatus; as 
rman naturalist has remarked, they devote them- 
entirely to the "Minnedienst," and are to be reck- 
among the few reaUsations of the Byronio ideal of 
ir. Finally, amidst the lowest forms of animal 
he speck of gelatinous protoplasm, which cousti- 
the whole body, has no permanent digestive cav- 
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itj or month, but takes in its food anywhere ; and di- 
gests, so to speak, all over its body. 

Bnt dthongh Cnvier's leading diagnosis of the ani- 
mal from the plant will not stand a strict test, it remains 
one of the most constant of the distinctive characters 
of animals. And, if we snbstitnte for the possession of 
an alimentary cavity, the power of taking solid nutri- 
ment into the body and there digesting it, the definition 
so changed will cover all animals, except certain para- 
sites, and the few and exceptional cases of non-parasitic 
animals which do not feed at aU. On the other hand, 
the definition thns amended will exdude all ordinary 
^^etable organisms. 

Cnvier himself practically gives np his second dis- 
tinctive mark when he admits that it is wanting in the 
simpler animals. 

The third distinction is based on a completely er- 
roneous conception of the diemical differences and re- 
semblances between the constituents of animal and vege- 
table oiganisms, for which Ouvier is not responsible, as 
it was current among contemporary chemists. It is 
now established that nitrogen is as essential a constitu- 
ent of vegetable as of animal living matter; and that 
the latter is, chemicaUy speaking, just as compUcated as 
the former. Starchy substances, cellulose and sugar, 
once supposed to be exclusively confined to plants, are 
now known to be regular and normal products of ani- 
mals. Amylaceous and saccharine substances are largely 
manufactured, even by the highest animals ; cellulose is 
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widespread as a eonstitnent of the skeletons of the lower 
animals ; and it is probable that amyloid substances are 
nniyersally present in the animal oi^ganism, though aot 
in the precise form of starch. 

Moreover, although it remains true that there is an 
inverse relation between the green plant in sunshine 
and the animal, in so far as, under these circumstances, 
the green plant decomposes carbonic acid and exhales 
oxygen, while the animal absorbs oxygen and exhales 
carbonic acid ; yet, the exact investigktions of the mod- 
em chemical investigators of the physiolo^cal processes 
of plants have clearly demonstrated the fidlacy of at- 
tempting to draw any general distinction between ani- 
mals and vegetables on this ground. In fact, the dif- 
ference vanishes with the sunshine, even in the case of 
the green plant; which, in the dark, absorbs oxygen 
and gives out carbonic add like any animal.* On, the 
other hand, tiiose plants, such as the fungi, which con- 
tain no chlorophyll and are not green, are always, so far 
as respiration is concerned, in the exact position of ani- 
mals. They absorb oxygen and give out carbonic acid. 

Thus, by the progress of knowledge, Cuvier's fourth 
distinction between the animal and the plant has been 
as completely invalidated as the third and second ; and 

* There is every reason to believe that liying plants, like living animals, 
always respire, and, in respiring, absorb oxygen and give off carbonic add ; 
bat, that in green plants exposed to daylight^Mr to the electric light, the 
quantity of oxygen evolved in consequence of the decompodtioii of carbonie 
^d by a special apparatus which green plants possess exceeds that ab- 
sorbed in the coaoorrent respiratory process. 






ASIMALS AND PLANTS. 168 

even tbefirst^^an be retained only in a modified fonn 
and sobject to exceptions. 

Bat has the advance of biology simply tended to break 
down old distinctions, without establishing new ones \ 

With a qualification, to be considered presently, the 
answer to this question is undoubtedly in the affirma- 
tive. The famous researches of Schwann and Schlei- 
den in 1837 and the following years, founded the modi 
em science of histology, or that branch of anatomy 
which deals witli the ultimate visible fitmcture of or- 
ganisms, as revealed by the microscope ; and, from that 
day to this, tiie rapid improvement of methods of inves- 
tigation, and the enei^ of a host of accurate observers, 
have given greater and greater breadth and firmness lo 
Schwann's great generalisation, that a fundamental unity 
of structure obtains in animals and plants; and that, 
however diverse may be the fabrics, or tfisst^eSy of which 
their bodies are composed, all these varied structures 
result from the metamorphosis of morphological units 
(termed celbj in a more general sense than that in 
which the word "cells" was at first employed), which 
are not only similar in animals and in plants respective- 
ly, but present a dose resemblance, when those of ani- 
mals and those of plants are compared together. 

The contractility which is the fundamental condi- 
tion of locomotion, has not only been discovered to 
exist far more widelgr among plants than was formerly 
imagined; but, in plants, the act of contraction has 
been found to be accompanied, as Dr. Burden Sander- 
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son's interestiiig investigations have shown, by a diA- 
tnrbanoe of the electrical state of the contractile sob- 
stanccy compsrable to that which was found by Da Soia 
Reymond to be a concomitant of the activity of ordi- 
nary mnsde in animalfl. 

Again, I know of no test by which the reaction of 
the leaves of the Sundew and of other plants to stimuli, 
so fully and carefully studied by Mr. Darwin, can be 
distinguished from those acts of contraction following 
upon stimuli, which are called ^^reflex" in animals. 

On each lobe of the bilobed leaf of Yenus's fly trap 
{JHanasa museipula) are three delicate filaments which 
stand out at right angle from the surface of the leaf. 
Touch one of them with the end of a fine human hair 
and the lobes of the leaf instantly dose together* in 
virtue of an act of contraction of part of their sub- 
stance, just as the body of a snail contracts into its shell 
when one of its '^ horns" is irritated. 

The reflex action of the snail is the result of the 
presence of a nervous system in the animal. A molec- 
ular change takes place in the nerve of the tentacle, 
is propagated to the muscles by which the body is re- 
tracted, and causing them to contract, the act of retrac- 
tion is brought about. Of course the similarity of the 
acts does not necessarily involve the conclusion that the 
mechanism by which they are effected is the same ; but 
it suggests a suq>icion of their identity which needs care- 
ful testing. 

* Darwin, " InscctiTorocut Planta,** p. 289. 
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The results of recent inquiries into the stmctnre of 
tlie nervons system of animals converge towards the coor 
elusion that the nerve fibres, which we have hitherto 
regarded as ultimate elements of nervous tissue, are not 
such, but are simply the visible aggregations of vastly 
more attenuated filaments, the diameter of which dwin- 
dles down to the limits of our present microscopic vision, 
greatly as these have been extended by modem improve- 
ments of the microscope ; and that a nerve is, in its es- 
sence, nothing but a linear tract of specially modified 
protoplasm between two points of an organism — one of 
"which is able to affect the other by means of the com- 
munication so established. Hence, it is conceivable that 
even the simplest living being may possess a nervous sys- 
tem. And the question whether plants are provided with 
a nervous system or not, thus acquiros a new aspect, and 
presents the histologist and physiologist with a problem 
of extreme difficulty, which must be attacked from a 
new point of view and by the aid of methods which 
have yet to be invented. 

Thus it must be admitted that plants may be con- 
tractile and locomotive; that, while locomotive, their 
movements may have as much appearance of spontane- 
ity as those of the lowest animals; and that many ex- 
hibit actions, comparable to those which are brought 
abont by the agency of a nervous system in animals. 
And it must be allowed to be possible that further re- 
searoh may reveal the existence of something compara- 
ble to a nervous system in plants. 80 that I know not 
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wlieie we tan hope to find mny Kfascdute distinctioii be- 
tween «"'wl« and pluits, Tmleas we return to their mode 
of nntritum, sad inqoire whether certain difierenceB of 
a more occult character than those imagined to exist bj 
Cavier, and which certainly hold good for the vast mar 
jority cif animalB and plants, are of nniveraal application. 
A. bean may be sapplied with water in which s^ts 
of ammonia and certain other mineral salta are dissolved 
in dae proportion; with atmospheric air containing its 
(ndinary minote dose of carbonic atnd; and with noth- 
ing else but simlig^t and heat. Under these ctrcmn- 
Btancea, umatnral as thej are, with proper mana^ment^ 
the beao will thmet forth its radicle and its plumule; 
the former will grow down into roota, the latter grow up 
into the stem and leaves of a Tigorons bean plant ; and 
this plant will, in due time, flower and produce its crop 
of beans, just as if it were grown in the garden or in the 
field. 

The weight of the nitrogenous protein compoands, 
of the oilj, starchy, saccharine and woody Buhstanees 
contained in the foil-grown plant and its seeds, will be 
vastly greater than the weight of the same Bubstancee 
coDtwned in the. bean from which it sprang. But noth- 
ing haa been supplied to the bean save water, carbonic 
add, ammonia, potash, lime, iron, and the like, in com- 
phosphoric, Bulphnric, and other acids. 
, nor fat, nor starch, nor Bugar, nor any 
B Blighteflt degree resembling them, has 
the food of the beau. But the weights 



ANIMALS AND PLANTS. 167 

of the carbon, hydrogen, oxygen, nitrogen, phosphorus, 
sulphur, and other elementary bodies contained in the 
bean-plant, and in the seeds which it produces, are ex- 
actly equivalent to the weights of the same elements 
^which have disappeared from the materials supplied to 
the bean during its growth. Whence it follows that the 
bean has taken in only the raw materials of its fabric, 
and has manufactui^ed them into bean stufEs. 

The bean has been able to perform this great chem* 
ical feat by the help of its green colouring matiber, or 
chlorophyll ; for it is only the green parts of the plant 
which, under the influence of sunlight, have the mar- 
vellous power of decomposing carbonic acid, setting free 
the oxygen and laying hold of the carbon which it con^ 
tains. In fact, the bean obtains two of the absolutely 
indispensable elements of its substance from two distinct 
sources; the watexy solution, in which its roots are 
plunged, contains nitrogen but no carbon; the air, to 
which the leaves are exposed, contains carbon, but its 
nitrogen is in the state of a free gas, in which condition 
the bean can make no use of it ; ^ and the chlorophyll f 
is the apparatus by which the carbon is extracted from 
the atmospheric carbonic acid — ^the leaves being the 
chief laboratories in which this operation is effected. 

* I purposelj assume that the air with which the bean is supplied in 
the case stated contains no ammoniacal salts. 

f The recent researches of Pringsheim have raised a host of questions as 
to the exact share taken by chlorophyll in the chemical operations which 
are effected by the green parts of plants. It may be that the chlorophyll 
ifl only a constant concomitant of the actual deoxidising apparatus. 
8 
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dl4 of their dJorophylL '"-'^^'''^^^e 

carbon which they leqnii* from •*°««P*^'^te- 
.dd, «id k.d . p«dtic existence »poa od^^^ 

bot it by no nu-n. follow., often « the Btaten^h^ 
been repeated, that the n«iiActuring power of phmte 
depends on their chlorophyll, «id its interaction watt ^e 
»^oftheBan. On the contrary, it is eaoly d^on- 
rtiated, as Pasteur first proved, th»t ihe lowest fungi, 
devoid of chlorophyll, or of any substitate for it, as tJiey 
are, nevertheless possess the characteristic manufactwu^ 
powers of plants in a very high d^ree. Only it is 
neoeesaiy that they should be supplied with a different 
kind of raw material; as they cannot extract carbon 
from carbonic add, they must be furnished with some- 
thing else that contains carbon. Tartaric add is such 
a substance; and if a single spore of the commonest 
and most troublesome of monlds — PenioUUvm—h& sown 
in a sancerfol of water, in which tartrate of ammonia, 
with a small percentage of phosphates and sulphates is 
contained, and kept warm, whether in the dark or ex- 
?<W«d to %ht, it will, in a short time, give rise to a thidc 
<»a8t of mmld, ?rh}ch contains many million times the 
IltSi °' tl '''^«^*^ «P°»^' ^ protein compounds and 
tt tT' 1^"' "" """« » -•'y ^<i« ^ of fact for 

f f°^ripuspttniig capacity— by their powW 



ANIMALS AND PLANTS. 169 

of working up mere mineral matters into complex or- 
ganic compounds. 

Contrariwise, there is a no less wide foundation 
for the generalisation that animals, as Oavier puts it, 
depend directly or indirectly upon plants for the ma* 
terials of their bodies; that is, either they are her- 
bivorous, or they eat other animals which are herbi- 
vorous. 

But for what constituents of their bodies are ani- 
mals thus dependent upon plants? Certainly not for 
their homy matter; nor for chondrin, the proximate 
chemical element of cartilage ; nor for gelatine ; nor for 
syntonin, the constituent of muscle ; nor for then* ner- 
vous or biliaiy substances ; nor for their amyloid matters ; 
nor, necessarily, for their fats. 

It can be experimentally demonstrated that animals 
can make these for themselves. But that which they 
cannot make, but must, in all known cases, obtain di- 
rectly or indirectly from plants, is the peculiar nitro- 
genous matter, protein. Thus the plant is the ideal 
prolMaire of the living world, the worker who pro- 
duces; the animal, the ideal aristocrat, who mostly oc- 
cupies himself in consuming, after the manner of that 
noble representative of the line of Zahdarm, whose epi- 
taph is written in Sartor Sesarius. 

Here is our last hope of finding a sharp line of de- 
marcation between plants and animals; for, as I have 
already hinted, there is a border territory between the 
two kingdoms, a sort of no-manVland, the inhabitants 



170 ANIMAI£ AND FLASTB. 

of wliioh certainlj cannot be discriminated and brought 
to their proper allegiance in any other way. 

Some months ago. Professor Tjndall asked me to 
examine a drop of infosioD of hay, placed under an ez- 
celleot and powerful microBcope, and to tell him what 
I thought some organisms visible in it were. I looked 
and observed, in the first place, nmltitodes of £aeteria 
moving abont with their ordinary intermittent spaamodic 
wri^les. As to the vegetable nature of these tiiere is 
now no donbt. Not only does the close resemblance of 
the Bacteria to nnqnestitoiable plants, such as the Oa- 
cUlaioriiB, and lower forms of ^wigi, justify this con- 
dosion, but the manufacturing test settles the qneetion 
at once. It is only needful to add a minate drop of 
fluid containing Boothia, to water in which tartrate, 
phosphate, and sulphate of ammonia are dissolved ; and, 
in a very short space of time, die clear fluid becomes 
milky by reason of their prodigious multiplication, 
which, of course, implies the manufacture of living 
Bacteriom-stuS oat of these merely saline matters. 

But other active organisms, very much liuger than 
the Baeteria, attaining in fact the comparatively gigantio 
dimensions of ^iSir o^ ^ i°ch or more, incessantly crossed 
of these had a body shaped like 
eing slightly incurved and pro- 
1 filament, or eUium, of extreme 
rom the concave side of the in- 
other long cilinm, so delicate as 
ly the use of the highest powers 
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and careful management of the light. In the centre of 
the pear-shaped body a clear ronnd epace conld occa- 
sionally be discerned, but not always ; and careful watch- 
ing ehoi^ed that this clear vacuity appeared gradually, 
and then shut up and disappeared suddenly, at regular 
intervals. Such a structure is of common occurrence 
among tlie lowest plants and animals, and is known as 
a contrdctSLe vaotiole. 

The little creature thus described sometimes propelled 
itself with great activity, with a curious rolling motion, 
by the lashing of the front cilium, while the second 
eHinm. trailed behind; sometimes it anchored itself by 
the hinder cilium and was spun round by the working 
of the other, its motions resembling those of an anchor 
buoy in a heavy sea. Sometimes, when two were in full 
career towards one another, each would appear dexter- 
ously to get out of the other^s way ; sometimes a crowd 
would assemble and jostle one another, with as much 
semblance of individual effort as a spectator on the 
Grands Mulcts might observe with a telescope among the 
specks representing men in the valley of Chamouniz. 

The spectacle, though always surprising, was not new 

to me. So my reply to the question put to me was, 

that these organisms were what biologists call Monads, 

%aid though they might be animals, it was also possible 

that they might, like the Bacteria, be plants. My friend 

received my verdict with an expression which showed a 

sad want of respect for authority. He would as soon 

believe that a sheep was a plant. Katurally piqued by 
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this want of Mth, I have ihonght a good deal over the 
matter; and aa I still rest in the lame conclusion I 
ori^nolly expreased, and must even now confess that I 
cannot certtunly say whether this ereatore is an animal 
or a plant, I think it ma; be well to state the grounds 
of my hesitation at length. But, in the first place, in 
order that I may conveniently distingtiiBh this " Sf onad " 
from the multitude of other things which go by the 
same designation, I must give it a name of its own. I 
think (thongh, for reasons which need not be stated at 
present, I am not quite sure) that it is identical with the 
species Monaa lens, as defined by the eminent French 
microecopist Dnjardin, though his magnifying power was 
probably insuffieieDt to enable him to see that it is curi- 
ously like a much latter form of monad which he has 
named Seteromita. I shall, therefore, call it not Monaa, 
bnt SeteromHa lens. 

I have been unable to devote to my Seteromita the 

prolonged study needful to work oat its whole history, 

which would involve weeks, or it may be months, of 

unremitting attention. Bat I the less regret this lar- 

table observationa recently 

er and Diyedale * on certain 

form so similar to my Sisl- 

f of the one may be nsed to 

These most patient and 

af % CeTOomoiud : a Leaaon In Ko- 
n the Life-UatoTj of tbe Houds."— 
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painstaking observers, who employed the highest attain- 
able powexB of the mierosoope and, relieving one another, 
kept watch day and night over the same individual mo- 
nads, have been enabled to trace out the whole histoiy 
of their SeteromUa; which they fonnd in infusions of 
the heads of fishes of the Cod tribe. 

Of the four monads described and figured by these 
investigators, one, as I have said, very closely resembles 
Heteronhita lens in every particular, except that it has 
a separately^distinguishable central particle or ^ nucleus," 
which is not certainly to be made out in Heteromita 
l&M ; and that nothing is said by Messrs. Dallinger and 
Drysdale of the existence of a contractile vacuole in this 
monad, though they describe it in another. 

Their Heteromita^ however, multiplied rapidly by fis- 
sion. Sometimes a transverse constriction appeared ; the 
hinder half developed a new cilium, and the hinder 
dlium gradually split from its base to its free end, until 
it was divided into two; a process which, considering 
the fact that this fine filament cannot be much more 
^^ 1 0*0 ^^ ^^ ^^^ ^ diameter, is wonderful enough. 
The oonstriction of the body extended inwards until the 
two portions were united by a narrow isthmus ; finally, 
they separated and each swam away by itself, a com- 
plete Heteromiia^ provided with its two cilia. Some- 
s'tvt^- ^he constriction took a longitudinal direction, with 
le ultimate result. In each case the process occu- 
^ot more than six or seven minutes. At this rate, 
^ Heteromita would give rise to a thousand like 
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itself in the oonne of an honr, to abont a million in 
two honra, and to a number greater than the generally 
aasumed number of human beings now living in the 
world in three hours; or, if we give each Hetenmiia 
an hour's enjoyment of individual existence, the same 
result will bo obtained in about a day. The apparent 
suddenness of the appearance of multitudes of such or- 
ganisms as these, in any nutritive fluid to which one 
obtains access, is thus easOy explained. 

During these processes of multiplication by fisEdon, 
the Hetercmiia remains active; but sometimes another 
mode of fission occurs. The body becomes rounded and 
quiescent, or nearly so ; and, while in this resting state, 
divides into two portions, each of which is rapidly con- 
verted into an active JleteromUa. 

A still more remarkable phenomenon is that kind of 
multiplication which is preceded by the union of two 
monads, by a process which is termed conjugation. Two 
active HeteromUm become applied to one another, and 
then slowly and gradually coalesce into one body. The 
two nuclei run into one; and the mass resulting from 
the conjugation of the two HeteromUoiy thus fused to- 
gether, has a triangolar form. The two paiiB of ciUa are 
to be seen, for some time, at two of the angles, which 
answer to the small ends of the conjoined monads ; but 
they ultimately vanish, and the twin organism, in which 
all visible traces of organisation have disappeared, falls 
into a state of rest. Sudden wave-like mov^nents of its 
substance next occur ; and, in a short time, the apices 
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of the triangular mass burst, and give exit to a dense 
yeUowish, glaiiy fluid, filled with minute granules. This 
process, which, it will be observed, involves the actual 
confluence and mixture of the substance of two distinct 
organisms, is effected in the space of about two hours. 

The authors whom I quote say that they ^^ cannot 
express'^ the excessive miauteness of the granules in 
question, and they estimate their diameter at less than 
TfjT^-^ ^^ ^^ ^^^^- Under the highest powers of the 
microscope at present applicable such specks are hardly 
discernible. Nevertheless, particles of this size are mas- 
sive when compared to physical molecules ; whence there 
is no reason to doubt that each, small as it is, may have a 
molecular structure sufficiently complex to give rise to 
the phenomena of life. And, as a matter of fact, by 
patient watclmig of the place at which these infinitesimal 
living particles were discharged, our observers assured 
Ihemselves ai their growth and development into new 
monads* These, in about four hours from their being 
set f ree j had' attained a sixth of the length of the parent, 
with the characteristic cilia, though at first they were 
quite motionless; and, in four hours more, they had 
attained the dimensions and exhibited all the activity of 
the adult. These inconceivably minute particles are 
therefore the germs of the Seteromita; and from the 
dimensions of these germs it is easily shown that the 
body formed by conjugation may, at a low estimate, have 
given exit to thirty thousand of them ; a result of a 
matrimonial process whereby the contracting parties^ 
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without a metaphor, ''become one fleBh," enough, to 
make a Malthasian despair of the fatore of the TTniTeise. 

I am not aware that the investigaton from whom 
I have borrowed this histoiy haye endeavoured to aaoer- 
tain whether their monads take soUd nutriment or not ; 
so that though they help us veiy much to fill up the 
blanks in the history of my HeteromdtOy their observa^ 
tions throw no light on the problem we are tiying to 
solve — ^Is it an animal or is it a plant t 

Undoubtedly it is possible to bring forward very- 
strong aigoments in favour of r^arding Heteromita as a 
plant 

For example, there is a Fungus, an obscure and 

almost microBoopio mould, termed Peronoypora imfea- 

tans. Like many other Fungi, the Permoyaom are 

P«m««tic upon other plants; and this particuLu- P«r«mo- 

«^m happens to have attained much notoriety and" po- 

^ cal importance, in a way not without a parallel in the 

^J^r of notorious poHticianB, namely, by reason of the 

^ ^^ 'V^ "'^"^ *** "^-^^ ^^^ ^* ^ *^ 

therefore /> " *^°^ **^ *^® ^^^ ^^^®^ ' *°^» 

sivelySaion ^'Tf^^"^ infestam (doubtless of exclu- 

«>) brought awSe^V*** "^"^^ known to be 
^* the malady ^r^.^*""^^- ^^« P^*« '^'^^ 
consisting of fine t h t *** ^ wf«8ted by a mould, 

htUTow through th« "T T""^^^ termed hyphm, which 
^P-PHate tTthe^i^'r V^ ^"^^ P^*> -^ 
-^'^' - the same ^^^^Z^T^^^. o^ ^^ ^^ost; 

^ or indu^ly, they set 
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up cliemical changes by which even its woody framework 
becomes blackened, sodden, and withered. 

In stractnre, however, the Peronoapora is as much a 
moxild as the common JPendciUiiwi; and jnst as the 
jP^niciUium multiplies by the breaking np of its hyphso 
into separate roonded bodies, the spores; so, in the 
J^eronaspora, certain of the hyphse grow out into the 
air throngh the interstices of the snper&oial cells of the 
potato plant, and develop spores. Each of these hyphsa 
usually gives oS several branches. The ends of the 
brandies dilate and become closed sacs, which eventoally 
drop off as spores. The spores falling on some part of 
the same potato plant, or carried by the wind to another, 
noay at once germinate, throwing out tabular prolonga- 
tions which become hyphse, and burrow into the sub- 
stance of the plant attacked. But, more commonly, the 
contents of the spore divide into six or eight separate 
portions. The coat of the spore gives way, and each 
portion then emerges as an independent organism, which 
has the shape of a bean, rather narrower at one end than 
the other, convex on one side, and depressed or concave 
on the opposite. From the depression, two long and 
' delicate cilia proceed, one shorter than the other, and 

directed forwards. Close to the origin of these cilia, in 
the substance of the body, is a regularly pulsating, con- 
tractile vacuole. The shorter cilium vibrates actively, 
^ and effects the locomotion of the organism, while the 

) other trails behind ; the whole body rolling on its axis 



with its pointed end forwards. 
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The eminent botanist, De Bary, who was not think- 
ing of our problem, tells ns, in describing ito move- 
ments of these "Zoospores," that, as they swim about, 
"Foreign bodiefl are carefully avoided, and the whole 
movement has a deceptive likeness to the voluntary 
changes of place which are observed in microeoopic an- 
imals." 

After swarming about m this way in the inoisttire on 
the surface of a leaf or stem (vsrhich, film thongh it n>«J' 
be, ia an ocean to such a fish) for half an hour, more or 
less, the movement of the looBpore beeomea slower, ana 
-- '-•■■•■  [J its axis, without change 

oite quiet, the cilia dis- 
mn, and smromids itself 
B, membranona coat- A 
from one side o£ the 
in length, aeetunee the 
itter penetrates into the 
fither by entering a fl*o- 
vaU of an epidermic e^, 
li the BubBtance of the 
h -which it comeB in con- 
raltlplicatioa take place 
tro soon set free from s 
' their minatenees, they 
gentlest breeze. Sioce, 
n each spore, in virtne 
swiftly disperse them- 
wonder that the infeo- 
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tion, once started, soon spreads from field to field, and 
extends its ravages oyer a whole coontry. 

However, it does not enter into my present plan to 
treat of the potato disease, instmctivelj as its history 
bears npon that of other epidemics ; and I have selected 
the case of the Peronoapora simply because it affords an 
example of an oiganism, which, in one stage of its exist- 
ence, is truly a ^^ Monad,'' indistinguishable by any 
important character from our HeUromUa^ and extraor- 
dinarily like it in some respects. And yet this ^^ Monad " 
can be traced, step by step, through the series of meta- 
morphoses which I have described, until it assumes the 
features of an organism, which is as much a plant as is 
an oak or an elm; 

Moreover, it would be possible to pursue the analogy 
farther. Under certam circumstances, a process of con- 
jugation takes place in the Peronoypora. Two separate 
^portions of its protoplasm become fused together, sur- 
round themselves with a thick coat, and give rise to a 
sort of vegetable e^ called an oospore. After a period 
of rest, the contents of the oospore break up into a num- 
ber of zoospores like those already described, each of 
which, after a period of activity, germinates in the ordi- 
nary way. This process obviously corresponds with the 
conjugation and subsequent setting free of germs in the 
Seterom/itd* 

But it may be said that the Peronoapora is, after all, 
a questi(Hiable sort of plant ; that it seems to be wanting 
in the manufacturing power, selected as the main dis- 
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tinctive character of vegetable life ; or, at any rate, that 
there is no proof that it does not get its protein matter 
ready made from the potato plant 

Let ns, therefore, take a case which is not open to 
these objections. 

There are some small plants known to botanists as 
members of the genus CdUochasUj which, without being 
truly parasitic, grow upon certain water-weeds, as lidiens 
grow upon trees. The little plant has the form of an 
elegant green star, the branching arms of which are 
divided into cells. Its greenness is due to its chlorophyll, 
and it undoubtedly has the manufacturing power in full 
degree, decomposing carbonic add and setting oxygen 
free, under the influence of sunlight. But the proto- 
plasmic contents of some of the cells of which the plant 
is made up occasionally divide, by a method similar to 
that which effects the division of the contents of the 
Peronospora spore; and the severed portions are then 
set free as active monad-like zoospores. Each is oval 
and is provided at one extremity with two long active 
cilia. Propelled by these, it swims about for a longer or 
shorter time, but at length comes to a state of rest and 
gradually grows into a CdUochMe. Moreover, as in the 
Peronospcra^ conjugation may take place and result in 
an oospore; the contents of which divide and are set 
free as monadiform germs. 

If the whole history of the zoospores of Peronoypora 
and of CcieocTuBte were unknown, they would undoubt- 
edly be classed among ^^ Monads " with the same right 
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as JBeteramUa; why then may not HeteromUa be a 

plant, even thongh the cycle of forms through which it 

passes shows no terms quite so complex as those which 

occur in Peronospara and ColeochcBtet And, in fact, 

there are some green organismB, in every respect charac 

teristically plants, snch as CMamydomoifuxs^ and the com- 

io.<>n Vohox^ or so-called ^^Globe animalcule,'' which 

ran through a cycle of forms of just the same simple 

cliaracter as those of Heteromita. 

The name of Chlamydamonas is applied to certain 
tnieroscopic green bodies, each of which consists of a 
protoplasmic central substance invested by a structureless 
sac. The latter contains cellulose, as in ordinary plants ; 
and the chlorophyll which gives the green colour enables 
the CMcmiydamonaa to decompose carbonic add and fix 
carbon as they do. Two long cilia protrude through the 
cell -wall, and effect the rapid locomotion of tibis 
^ monad," which, in all respects except its mobility, is 
characteristically a plant. Under ordinary circumstances, 
. the ChloAnvydoTfumas multiplies by simple fission, each 
splitting into two or into four parts, which separate and 
become independent organisms. Sometimes, however, 
iJie (Mamyydonumaa divides into eight parts, each of 
which is provided wilJi four instead of two cilia. These 
'^ zoospores" conjugate in pairs, and give rise to quies- 
cent bodies, which multiply by division, and eventually 
pass into the active state. 
) Thus, so far as outward form and the general char- 

\ acter of the cycle of modifications, through which the 
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oiganiflm pasBeB in the oonne of its life, are conoemedy 
the rasemblance between Chlamydanunias and Heiero- 
mita 18 of the doeeat description* And on the face- of 
the matter there is no ground for refuging to admit that 
Seteramita may be rehtted to ChlamydanumaSf as tlie 
ooIonrlesB fongas is to the green alga. Vohxw may be 
compared to a hollow.sphere, the wall of which is made 
up of coherent ChlamjdpmonadB; and which progreflBeB 
with a rotating motion effected by the paddling of the 
multitudinous pairB of cilia wUch project fiom its snr- 
face. Each Fi^^i^oa^^monad, moreover, poBBesses a red 
pigment spot, like the simplest form of eye known 
among animals. The methods of fissive multiplication 
and of conjugation observed in the monads of this loco- 
motive globe are essentially similar to those observed in 
Chlamydomonae ; and, though a hard battle has been 
fought over it, Vdvox is now finally surrendered to the 
Botanists. 

Thus there is really no reason why Sieteramiia may 
not be a plant; and this conclusion would be very sat- 
isfactory, if it were not equally easy to show that there 
is really no reason why it should not be an animal 
For there are numerous organisms presenting the closest 
resemblance to JBeteromdia^ and, like it, grouped under 
the general name of ^^Monads,'' which, nevertheless, 
can be observed to take in solid nutriment, and which, 
therefore, have a virtual, if not an actual, mouth and 
digestive cavity, and thus -come under Ouvier's defini- 
tion of an animal. Numerous forms of such animals 
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have been described by Ehrenberg, Dnjardin, H. Jamed 
Clark, and other writers on the Infuforia. Indeed, m 
another infusion of bay in which my Hetercmnta lens 
occurred, there were innumerable infusorial animalcules 
belonging to the well-known species CoLjpoda oucvUus.* 
!Full-sized specimens of this animalcule attain a length 
of between -^ or -^ of an inch, so that it may have 
ten times the length and a thousand times the mass of 
a SeteromUa. In shape, it is not altogether unlike Het- 
eromita. The smaU end, however, is not produced into 
one long cilium, but the general surface of the body is 
covered with small actively vibrating ciliary organs, 
which are only longest at the small end. At the point 
which answers to that from which the two cilia arise in 
Hieteromitaj there is a conical depression, the mouth; 
and, in young specimens, a tapering filament, which re- 
minds one of the posterior cilium of Heteromitcty pro- 
jects from this region. 

The body consists of a soft granular protoplasmic 
substance, the middle of which is occupied by a large 
oval mass called the ^^ nucleus;" while, at its hinder 
end, is a ^^ contractile vacuole," conspicuous by its reg- 
ular rhythmic appearances and disappearances. Obvi- 
ously, although the Cdpoda is not a monad, it differs 
from one only in subordinate details. Moreover, under 
certain conditions, it becomes quiescent, incloses itself 
in a deUcate case or cysty and then divides into two, 

* Ezoellently deaoribed by Stein, almost all of whose etatements I 
bate verified. 
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four, or more portioDB, which are eveiitaall j set free and 
Bwim aboat as active CkipodiB. 

Bat this creature is an unmistakable animal, and f all- 
aized Cclpodm may be fed as eamlj as one feeds chickens. 
It is only needful to diffuse very finely gronnd camune 
throngh the water in which they Jive, and, in a very 
short time, the bodies of the Cclpodm are staffed with 
the deeply-coloored grannies of the pigment. 

And if this were not saffident eyidence of the ani- 
mality of Cclpodoy there comes the £ict that it is even 
more similar to another well-known animalcnle, Pom- 
nuBoiumj than it is to a monad. Bat Paramascium is 
so hoge a creature compared with those hitherto dis- 
cussed — it reaches f)^ of an inch or more in length — 
that there is no difiicnlty in making out its organisa- 
tion in detail; and in proving that it is not only an ani- 
mal, but that it is an animal which possesses a somewhat 
complicated organisation. For example, the surface layer 
of its body is different in structure from the deeper 
parts. There are two contiractile vacuoles, from each 
of which radiates a system of vessel-like canals; and 
not only is there a conical depression continuous with 
^a tube, which serve as moulJi and gullet, but the food in- 
gested takes a definite course, and refuse is rejected from 
a definite region. Nothing is easier than to feed these 
animals, and to watch Hie particles of indigo or carmine 
accumulate at the lower end of the gullet. From this 
they gradually project, surrounded by a ball of water, 
^hich at length passes with a jerk, oddly simulating 
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a gnlp, into the pnlpj central substance of the body, 
there to diculate up one side and down the other^ nntil 
its contents are digested and assimilated. Neverthe- 
less, this complex animal multiplies by division, as the 
monad does, and, like the monad, undergoes conjuga- 
tion. It stands in the same relation to Seteromiia on 
the animal side, as OoleochcBte does on the plant side. 
Start from either, and such an insensible series of gra* 
dations leads to the monad that it is impossible to say 
at any stage of the progress — ^here the line between 
the animal and the plant must be drawn. 

There is reason to think that certain organisms which 
pass through a monad stage of existence, such as the 
JfyaBomycetee, are, at one time of their lives, dependent 
upon external sources for their protein matter, or are 
animals; and, at another period, manufacture it, or are 
plants. And seeing that the whole progress of modem 
investigation is in favour of the doctrine of continuity, 
it is a fair and probable speculation — ^though only a 
speculation — ^that, as there, are some plants which can 
manufacture protein out of each apparently intractable 
mineral matters as carbonic acid, water, nitrate of am- 
monia, metallic and earthy salts ; while others need to 
be supplied with their carbon and nitrogen in the some- 
what less raw form of tartrate of ammonia and allied 
compounds; so there may be yet others, as is possibly 
the case wilJi the true parasitic plants, which can only 
manage to put together materials still better prepared — 
still more nearly approximated to protein — until we 
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arrive at Buch oiganisms as the Psoraspermim and the 
Pimhistophyton^ which are as much ammal as vegetable 
in stractnre, but are animal in their dependence on other 
organisms for their food. 

The singular circumstance observed by Meyer, that 
the Torvla of yeast, though an indubitable plant, still 
flourishes i^ost vigorously when Supplied wiUi the com- 
plex nitrogenous substance, pepsin ; the probability that 
the Peronoapora is nourished directly by the protoplasm 
of the potato-plant; and the wonderful facts which have 
recently been brought to light respecting insectivorous 
plants, all favour this view; and tend to the conelusion 
that the difference between animal and plant is one 
of degree rather than of kind; and tiiat the problem 
whether, in a given case, an organism is an animal or 
a plant, may be essentially insoluble. 



vm. 

OK CERTAIN EREORS RESPECTING THE 
STRUCTURE OF THE HEART ATTRI- 
BUTED TO ARISTOTLE. 

Ts aU the commentaries upon the ^^Historia Ani- 
imaHnin" which I have met with, Aristotle's express 
and repeated statement, that the heart of man and the 
lazgest animals contains only three cavities, is noted as 
a remarkable error. Even Cavier, who had a great 
advantage over most of the commentators in his famili- 
arity with the subject of Aristotle's description, and 
whoBe habitual caution and moderation seem to desert 
him when the opportunity of panegyrising the philoso- 
pher presents itself, is betrayed into something like a 
tsneer on this topic. 

** Da reste il n'attribae 4 cet organe que trois oavit^s, erreor qui 
proave aa moins qa'il en avait regard^ la Btraotnre." * 

To which remark, what follows will, I think, justify 
the reply, that it "prouve au moins" that Cuvier had 
f not given ordinary attention, to say nothing of the care- 
ful study which they deserve, to sundry passages in the 



* "BitUAce des Sdences Natttrelles," i. p. 152. 
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firat and the third boolm of the ^^ Historia " which I 
proceed to lay before the reader. 

For oonyenience of reference these passages are 
marked Ay By Cy etc.* 

Book L 17.— (^) ^ The heart has three cavitiea, it lies ahove the 
long on the division of the windpipe, and has a fiitty and thick 
membrane where it is united with the great yein and the aorta. It 
lies upon the aorta, with its point down the chest, in all animals 
that have a chest In all, alike in those that have a diest and in 
those that have none, the foremost part of it is the apex. This is 
often overlooked through the taming upside down of the dissection. 
The rounded end of the heart is uppermost, the pointed end of it is 
largely fleshy and thick, and in its cavities there are tendons. In 
other animals which have a chest the heart lies in the middle of the 
chest ; in men, more to the left ride, between the nipples, a little in- 
clined to the left nipple in the upper part of the chest. The heart 
is not large, and its general form is not elongated but rounded, ex- 
cept that the apex is produced into a point. 

{B) " It has, as already stated, three cavities, the largest of them 
is on the right, the smallest on the left, the middle-sized one in the 
middle ; they have all, also the two small ones, passages (rerptffthac) 
towards the lung, very evidently as respects' one of the cavities. 
In the region of the union [with the great vein and the aorta] the 
largest cavity is connected with the largest vein (near which is 

^f^^^y^ ; the middle cavity with the aorta, 
in fch ^*^*l8 (n6poi) from the heart pass to the lung and divide 
tho8 f ®*™® fashion as the windpipe does, closely accompanying 
the he rt^ ^^ windpipe through the whole lung. The canals. from 

those of th^ ®*°*^ is common [to the branches of the windpipe and 
^*''n] (oideic cT karl Koivbg n6poc) but through those parts 

The text I li 
** -Aristotelea Thie 1^^^ ^^Howed is that given by Aubert and Wimmer, 
8ctzung;» bm J ^^'*^®' kritisch bferichtigtcr Text mit deutschen Ueber- 

'ather closer to the ol^'*^ ^^^ "*^ *^®^® ^ ^^^^ *^® English vepsion 
^ema to me to be. ^^'^l than the German translation, excellent as it is, 
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of them which are in oontaot (n^ ainfmjnv) the air passes in and they 
[the n'6poi\ carry it to the heart 

(^) '^ One of the canals leads to the right cavity, the other to 
the left." 

(i^) ^* Of all the viscera, the heart alone contains hlood po itself]. 
Tlie lung contains blood, not in itself but in the veins, the heart in 
itself ; for in each of the cavities there is blood ; the thinnest is in 
the middle cavity." 

Book iii. 8.^6) ^^ Two veins lie in the thorax alongside the 

Bpine, on its inner face; the larger more forwards, the smaller 

behind; the larger more to the right, the smaller, which some call 

aorta (on accomit of the tendinous part of it seen in dead bodies), 

to the left. These take their origin from the heart; they pass 

entire, preserving the nature of veins, through the other viscera 

that they reach ; while the heart is rather a part of them, and more 

especially of the anterior and larger one, which is continued into 

veins above and below, while between these is the heart. 

{H) '* All hearts contain cavities, but, in those of very small 
animals, the largest [cavity] is hardly visible, those of middling 
mze have another, and the biggest all three. 

(/) *' The point of the heart is directed forwards, as was men- 
tioned at first; the largest cavity to the right and upper side of it, 
the smallest to the left, and the middle-sized one between these; 
both of these are much smaller than the largest. 

{K) ^^They are all connected by passages (awriTptprrai) with 
tlie lung, but, on account of the smallness of the canals, this is 
obscure except io one. 

(L) " The great vein proceeds from the largest - cavity which 
lies upwards and to the right; next through the hollow middle part 
(did Tw KoiXov Tov fUaov) it becomes vein again, this cavity being a 
part of the vein in which the blood stagnates. 

(if) << The aorta [proceeds from] the middle [cavity], but not in 
the same way, for it is connected [with the middle cavity] by a 
much more narrow tube (eifptyya). 

(IT) '^ The [great] vein extends through the heart, towards the 
aorta from the heart. 

(0) '* The great vein is membranous like skin, the aorta nar- 
rower than it and very tendinous, and as it extends towards the head 
and the lower parts it becomes narrow and altogether tendinous. 
(P) '^ In the first place, a part of the great vein extends up- 
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wards from the heart towards the lung and the attachment of the 
aorta, the vein heing large and midiyided. It divides into two 
parts, the one to the long, the other to the spine and the lowest 
vertehra of the neck. 

(Q) '^ The vein which extends to the Inng first divides into two 
parts for the two halves of it and then extends alongside each tabe 
(aiffuyya) and each passage (rp^fia), the larger beside the larger and 
the smaller beside the smaller, so that no part [of tiie long] can be 
f oond from which a passage {rp^fia) and a vein are absent. The 
terminations are invisible on account of their minateness, but the 
whole Inng appears fall of blood. The canals from the vein lie 
above the tabes given off from the windpipe." 

The key to the whole of the foregoing description of 
the heart lies in the passages (6^ and (Z). They prove 
that Aristotle, like Galen, five hundred years afterward^ 
and like the great majority of the old Oreek anato- 
mists, did not reckon what we call the right auricle as 
a constituent of the heart at all, but as a hollow part, 
or dilatation, of the " great vein." Aristotle is careful 
to state that his observations were conducted on suffo- 
cated animals ; and if any one will lay open the thorax 
of a dog or a rabbit, which has been killed with chlo- 
roform, in such a manner as to avoid wounding any 
important vessel, he will at once see why Aristotle 
adopted this view. 

For, as the subjoined figure (p. 191) shows, the vena 
cava inferior (5), the right auricle {H.a.), and the vena 
cava superior and innominate vein ( V.L) distended with 
blood seem to form one continuous column, to which 
the heart is attached as a sort of appendage. This 
column is, as Aristotle says, vein above (a) and vein 
below (J), the upper and the lower divisions being con- 
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thorkdc Tucerk. A oaredilly meainred outline aketd of the puta i* 
titu wu then nuide, utd on diisection, twenty-four boors aAemrdi, 
tbe necesMrf anatomical details were added. The woodcut ia a faith- 
full; reduced cop; of the drawing thus conatnicted ; and It repraaenta 
the relation! of the heart and great leeseU as AiiaUitle aaw tbem in a 
Buffocaied aniraaL 

All bat the inner lobe of the r^ht lung has bren removed ; as well aa the 
right half of tbe pericardium and the right walla of the Hght aaride 
a^ ventricle. It must be remembered that the thin transparent peri, 
cardial membrane appears nothing like bo dlsUnct in nature. 

ai^ Aristotle's "great rein " ; VJ., right vena innominata and vena cava 
superior ; b, the inferior vena cava ; S.a,, the " hollow middle " part of 
the great vein or the right auricle ; Rv', tbe prolongation of the cavity 
of the right ventricle S.v towards the pulmonary artery ; Ir, one of the 
trkoapid valves ; Pe, the pericardium ; Ijv, auperior intenxwtal toix ; 
At, vena azygoa; P.A., right pulmonary artery; Br, right bronchua; 
£, inner lobe of the right lung ; (E, ossopbogus ; Ao, deaoendlng aorta ; 
H, Sver, In aection, with hepa^ vein, vena portrn, and gall-bladder, gb, 
aepamled ^ the diaphragm, alBo Been in section, from the thoradc cavity. 
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nected Siit rov koTKov tov fiiaov — or by means of the 
intervening cavity or chamber {Ii.a.) — which is that 
which we call the right auricle. 

But when, from the four cavities of the heart rec- 
ognised by us modems, one is excluded, there remain 
three — ^which is just what Aristotle says. The solu- 
tion of the dij£culty is, in fact, as absurdly simple as 
that presented by the egg of Columbus ; and any error 
there may be, is not to be put down to Aristotle, but 
to that inability to comprehend that ilie same fact may 
be accurately described in different ways, whiqh is the 
special characteristic of the commentatorial mind. That 
the three cavities mentioned by Aristotle are just those 
which remain if the right auricle is omitted, is. plain 
enough from what is said in {B), {C\ {E)j (7), and (Z). 
For, in a suffocated animal, the "right cavity" which is 
directly connected with the great vein, and is obviously 
the right ventricle, being distended with blood, will 
look much larger than the middle cavity, which, since 
it gives rise to the aorta, can only be the left ventri- 
cle. And this, again, will appear larger than the 
thin and collapsed left auricle, which must be Aris- 
totle's left cavity, inasmuch as this cavity is said to 
be connected by iropot, with the lung. The reason why 
Aristotle considered the left auricle to be a part of 
the heart, while he merged the right auricle in the 
great vein, is, obviously, the small relative size of the 
venous trunks and their sharper demarcation from the 
auricle. Galen, however, perhaps more consistently, re- 
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garded the left auricle also as a mere part of the ^^ arte- 
ria venosa." The canal which leads from the right cav- 
ity of the heart to the lung (or, as Aristotle puts it (jF), 
f roxn. the lung to the heart) is, without doubt, the pul- 
inonary artery. But it may be said that, in this case, 
Ajcistotle contradicts himself, inasmuch as in (P) and 
(^) a vessel, which is obviously the pulmonary artery, is 
described as a branch of the great vein. However, this 
difficulty also disappears, if we reflect that, in Aristotle's 
^way of looking at the matter, the line of demarcation 
between the great vein and the heart coincides with the 
right auriculo-ventricular aperture; and that, inasmuch 
as the conical prolongation of the right ventricle which 
leads to the pulmonary artery {H.v' in the Figure), lies 
close in front of the auricle, its base may very easily (as 
the figure shows) be regarded as a part of the general 
opening of the great vein into the right ventricle. In 
fact, it is clear that Aristotle, having failed to notice the 
valves of the heart, did not distinguish the part of the 
right ventricle from which the pxdmonary arteiy arises 
(H.v^) from the proper trunk of the artery on the one 
hand, and from the right auricle (i?.a.) on the other. 
Thus the root, as we may call it, of the pulmonary artery 
and the right auricle, taken together, are spoken of as 
the "part of the great vein which extends upwards" 
(P); and, as the vena azygos (Az) was one branch of 
this, so the " vein to the lung " was regarded as another 
branch of it. But the latter branch, being given ofiE 
close to the connection of the great vein with the ven- 
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tride, was also cotmted as one of the two iropov by which 
the ^^ heart " (that is to say the right ventricle, the left 
Tentride, and the left auricle of our nomenclature) com- 
municates with the lung. 

The only other difficulty that I observe is connected 
with {K). K Aristotle intended by this to affirm that 
the middle cavity (the left ventricle), like the other two, 
is directly connected with the lung by a iropa^^ he would 
be in error. But he has excluded this interpretation of 
his words by (JE), in which the number and relations of 
the canals, the existence of which he admits, are distinct- 
ly defined. I can only inu^ine then, that, so far as this 
passage applies to the left ventricle, it merely refers to 
the indirect communication of that cavity with the ves- 
sels of the lungs, through the left auricle. 

On this evidence I submit that there is no escape 
from the conclusion that, instead of having committed a 
gross blunder, Aristotle has given a description of the 
heart which, so far as it goes, is remarkably accurate. 
He is in error only in regard to the diflferences which 
he imagines to exist between large and small hearts 
{H). 

Ouvier (who has been followed by other commenta- 
tors) ascribes another error to Aristotle: — 

<<Aristote suppose que la traob6e-artdre se prolonge jnsqn'aa 
ooBnr, et semble oroire, en cons^quenoe, que Fair 7 p^n^tre (2. c. 
p. 152V' 

Upon what foundation Guvier rested the first of these 
two assertions, I am at a Joes to divine. As a matter e| 
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fact, it uTill appear from the following excerpts that Aris- 
totle gives an acoonnt of the stmctnre of the lungs which 
18 almost as good as that of the heart, and that it contains 
nothing about any prolongation of the windpipe to the 
heart. 

^«19nthm tSie neck lie what is called the CBSopbagns (so luoned 
on aoooanft of ite length aod its narrowness) and the windpipe 
(oprvp&a). The position of the windpipe in aU aninuds that have 
one, is in front of the oesophagos. All animals which possess a long 
baTe a windpipe. The windpipe is of a cartilaginons natore and is 
ezraDgniney bat is sorroonded by many little yeina. • . • 

** It goes downwards towards the middle of the long, and then 
diyidea for each of the halves of the long. In all animals that poa- 
sees one, the long is divided into two parts; bat, in those which 
bring forth their yonng alive^ the separataoa ia not equally well 
marked, least of all in man. 

^In oviparons animals, sach as birds, and in qnadrnpeds which 

are oyiparoos, the one half of the long is widely separated firom the 

other; ao that it appears as if they had two lmig& And from being 

sin^e, the windpipe becomes (divided into) two, which extend to 

each half of the long. It ia fastened to the great vein, and to what 

is called the aorta. When the windpipe is blown np, the air passes 

into the hollow parts of the Imig. In these, are cartilagpnons tabes 

(i*afbatif) which nnite at an angle ; from the tabes passages (Tf4/mra) 

traverse the whole of the long; they are continnally fi^ven ol^ the 

amaHer from the larger." (Book L 16.) 

That Aristotle should speak of the Inng as a single 
organ divided into two halves, and shonld say that the 
divifflon is least marked in man, is pnzzling at first ; but 
the statement becomes intelligible, if we reflect upon the 
dose onion of the bronchi, the pnlmonaiy vessels and the 

mediastinal walls of the plenrsB, in mammals ; * and it is 

* • 

* hi modem works on Veterinarj Anatomy the hipgs are sometimes 
^^■cribed as two lobes of a aiii^ oigm. 
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quite true that the lungs are much more obviouBly dis- 
tinct from one another in birds. 

Aubert and Wimmer translate the last paragraph of 
the passage just cited as follows : — 

^^Diese liaben aber knorpelige Scheidew&nde, welche nnter spit- 
zen Winkeln ziisammentreteii» und ana ihnen f&hren Oeffimngen 
dnroh die ganze Lunge, indem sie sich in immer kleineren yer- 
sweigen." 

But I cannot think that by Buuf^wrei^ and rpi^fuiTa, in 
this passage, Aristotle meant either ^^partitions'' or open- 
ings in the ordinary sense of the latter word. For, in 
Book iii. Cap. 3, in describing the distribution of the 
"vein which goes to the lung" (the pulmonary artery), 
he says that it 

*< extends alongside each tube (aiptyya) and eacb passage (rp^fta), the 
larger beside the larger, and the smaller beside the smaller ; so that 
no part (of the luDg) oan be found from which a passage (rp^fui) and 
a vein are absent." 

Moreover, in Book i. 17, he says — 

'* Oanals (irdpoi) from the heart pass to the lung and divide in the 
same fashion as the windpipe does, closely accompanying those from 
the windpipe through the whole lung.'' 

And again in Book i. 17 — 

**It (the lung) is entirely spongy, and alongside of each tube 
(aifptyya) run canals (irdpoi) from the great vein.'' 

On comparing the last three statements with the facts 
of the case, it is plain that by avpirffcs;^ or tubes, Aristotle 
means the bronchi and so many of their larger divisions 
as obviously contain cartilages; and that by Buuf>va€K 
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^ovSpaiSeK he denotes the same things; and, if this be so, 
tliexi the Tp^fiora umst be the smaller bronchial can^s, in 
"wliioh the cartilages di8a{^>ear. 

This view of the fltrnctnre of the lung is perfectly 
correct so far as it extends; and, hearing it in mind, 
'we shall be in a position to understand what Aristotle 
tlionght abont the passage of air from the Inngs into the 
heart. In every part of the Inng, he says, in effect, 
tliere is an air tnbe whidi is derived from the trachea, 
and other tabes which are derived from the tropoi which 
connect the Inng with the heart {at^>rd, O). Their ap- 
plied walls constitute the thin "synapses" {jifv trOva^tv) 
through which the air passes out of the air tubes into the 
•TTopM, or blood-vessels, by transudation or diffusion ; for 
there is no community between the cavities of the air 
tubes and cavities of the canals ; that is to say, no open- 
ing from one into the other {suprA, D). 

On the words "koipo<i v6po<t " Anbert and T 
remark {I. e. p. 239), " Da A. die Ansicht hat die ] 
Inft wiirde dera Herzen zngefiihrt, so poetnlirt 
vieler kleiner Terbindungen einen grossen Terbi 
gang zwischen Lnuge nnd Herz." 

But does Aristotle make this aseumption? T 
evidence so far as I know in favour of the afS 
answer to this qaestion is the following passagi 

" Zwfftrmu Si mil ^ napiia r^ ipT^pi^ irt/aXiidtat ml jtotvI 
IviiHan Se«/u>ic' 4 ^^ trm^pTmu, km'KIhi iarai. ^vau/iiv^ Si r$s 
fiiv Moif tv ob KaT&t^Jiav tuxti, iv Si roir lui^oai tuv ^i^im 
lieipXfu ti irvrf/M tlf oirr^" ^. cap. 16). 

" The heart and the windpipe are oonuected bj tatXy 1 
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lagoons and fibrons bands ; where they are connected it is hollow; 
Blowing into the windpipe does not show clearly in some animals, 
but in the larger animals it is clear that the »r goes into it." 

Aubert and Wimmer give a somewhat different ren- 
dering of this passage : — 

'*Anch das Herz hSngt mit der Lnftrdhre dnrch fettreiche, 
knorpelige nnd faserige B&nder znsammen ; nnd da, wo sie znsam- 
menh&Dgen, ist eine Hohlnng. Beim Aofblasen der Lmige wild es 
bei manchen Thieren nicht wahmehrabar, bei den grdsseren aber 
ist es offenbar, dass die Lnft in das Herz gelangt." 

The sense here turns npon the signification which is 
to be ascribed to ek axnriv. But if these words refer to 
the heart, then Aristotle has distinctly pointed ont the 
road which the air, in his opinion, takes, namely, through 
the '' synapses " {D) ; and there is no reason that I can 
discover to believe that he " postulated " any other and 
more direct communication. 

With respect to the meaning of KdiKov iariVj Aubert 
and Wimmer observe: — 

*' Dies scheint wohl die knrze Lnngenvene zn sein. Schneider 
bezieht dies auf die Yorkammem, allein diese werden unten als 
Hdhlen des Herzens beschrieben." 

I am disposed to think, on the contrary, that the 
words refer simply to the cavity of the pericardium. 
For a part of this cavity {arnvs transversus perica/rdii) 
lies between the aorta, on the one hand, and the pul- 
monary vessels with the bifurcation of the trachea, on 
the other hand, and is much more conspicuous in some 
animals than in man. It is strictly correct, therefore, in 
Aristotle's words, to say that where the heart and the 
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^windpipe are connected "it is hollow." If he had 
meant to speak of one of the pulmonary vems, or of 
any of the cavities of the heart, he wonld have nsed the 
tenos iropoi or scoiKla^ which he always employs for these 



According to Aristotlci then, the air taken into the 
Inngs passes, from the final ramifications of the bronchial 
tiibes into the corresponding branches of the pnlmonary 
blood-vessels, not throngh openings^ but by transudation, 
or, as we should nowadays say, diffusion, through the 
thin partitions formed by the applied coats of the two 
sets of canals. But the ^^pneuma" which thus reached 
the interior of the blood-vessels was not, in Aristotle's 
opinion, exactly the same thing as the air. It was ^^ aiip^ 
voXif^ p&ov KoL adpoo^ " (De Mundo," iv. 9) — subtilised 
and condensed air ; and it is hard to make out whether 
Aristotle considered it to possess the physical properties 
of an elastic fluid or those of a liquid. As he affirms 
that all the cavities of the heart contain blood (^, it is 
clear that he did not hold the erroneous view propounded 
in the next generation by Erasistratus. On the other 
hand, the fact that he supposes that the spermatic arte- 
ries do not contain blood but only an atfuiT&Srp: vypov 
(" Hist. Animalium," iii. 1), shows that his notions re- 
specting the contents of the arteries were vague. Kor 
does he seem to have known that the pulse is character- 
istic only of the arteries ; and as he thought that the 
arteries end in solid fibrous bands, he naturally could 
not have entertained the faintest conception of the true 
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motioa of the blood. Bat, without attemptiiig' to read 
into Arifitotle modem conceptioiifl wliich never entered 
his mijidy it ifl only just to obaerve that his view of what 
becomes of the air taken into the lungs is by no meaTifl 
worthy of contempt as a gross error. On the contrary, 
here, as in the case of his anatomy of the heart, w^bat 
Aristotle asserts is trae as far as it goes. Something 
does actnaUy pass from the air contained in the longs 
through the coats of the vessels into the blood, and 
thence to the heart ; to wit, oxygen. Ajid I think tliat 
it speaks very well for ancient Greek science that the 
investigator of so difficult a physiological problem as 
that of respiration, should hare arrived at a conclusion, 
the statement of which, after the lapse of more than two 
thousand years, can be accepted as a thoroughly estab- 
lished scientific truth. 

I trust that the case in favour of removing the state- 
nients about the heart, from the list of the " errors of 
tie is now clear ; and that the evidence proves, 
f ^^ ^j *l^t they justify us in forming a very 

amon fh n ^^^^*^ ^^ *^® oldest anatomical investigations 
But i A ' ^ '^hich any sufficient record remains, 

ing ascertained*^*^^ *^ ^ credited with the merit of hav- 
^" iiot appear ^"^ ^''''^ ^^ *^® *™*^ ' ^^ question 
^^^ the extrao^dl^^^^^ *^ *^^®® ^^^ *^ acquainted 
^io adopt the c^^"? history of Aristotle's works, or 
^^ *e ten books If^T^ ""^ Aubert and Wimmer, that, 
*^e come down to us i!!^^*^^* Animalium" which 

® are largely or entirely spu- 
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riotiB, and that the others contain many interpolations 
by later writers. 

It so happens, however, that, apart from other rea- 
sons, there are satisfactory internal grounds for ascribing 
the account of the heart to a writer of the time at which 
Aristotle lived. For, within thirty years of his death, 
the anatomists of the Alexandrian school had thoroughly 
inyestigated the structure and the functions of the valves 
of the heart. During this time the manuscripts of Aris- 
totle were in the possession of Theophrastus ; and no 
interpolator of later date would have shown that he was 
ignorant of the nature and significance of these impor- 
tant structures, by the brief and obscure aUusion-" in its 
-jcavities there are tendons " {A). On the other hand, 
Polybus, whose account of the vascular system is quoted 
in the "Historia Animalium," was an elder contem- 
porary of Aristotle. Hence, if any part of the work 
faithfully represents that which Aristotle taught, we 
may safely conclude that the description of the heart 
does so. Having granted this much, however, it is an- 
other question, whether Aristotle is to be regarded as the 
first discoverer of the facts which he has so well stated, 
or whether he, like other men, was the intellectual child 
of his time and simply carried on a step or two the work 
which had been commenced by others. 

On the subject of Aristotle's significance as an origi- 
nal worker in biology extraordinarily divergent views 
have been put forward. If we are to adopt Cuvier's 
estimate, Aristotle was simply a miracle: — 
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** Avant Aristote la philosophie, entidrement sp^onlatiYe, se per- 
dait dans lea abBtraotiona d^poorvnes de fondement ; la science n'ez- 
istait pas. II semble qa^elle soit sortie tonte faite dn oerveaa d' Aris- 
tote oomme Minerve, tonte arm^ dn oeirean de Jnpiter. Sen}, en 
effet, sans ant^cMents, sans rien empmnter anz sidcles qni Pavaient 
pr6c6d6, pnisqn'ils n'avaient rien prodnit de solide, le disciple de 
Platon d6oonvrit et d^montra pins de vSrit^s, ezeonta pins de fera- 
▼anx soientifiqnes en nn vie de soixante-denz ans, qn'aprda Ini vingt 
si^oles n'en ont pn faire," * etc. etc. 

*' Aristote est le premier qni ait introduit la m^tliode de Pin- 
dnction, de la comparaison des observations ponr en fiaire sortir des 
id6es g^n^rales, et celle de Pezp^rience ponr mnltiplier les faitsdont 
ces id6es g^n^rales penvent 6tre d^dnites.^' — ^ii. p. 515. 

The late Mr. G. H. Lewes,t on the contrary, tells ns 
^^ on a superficial examination, therefore, he [Aristotle] 
will seem to have given tolerable descriptions; esped- 
allj if approached with that disposition to discover mar- 
vels which unconsciously determines us in our study of 
eminent writers. But a more unbiassed and impartial 
criticism will disclose that he has given no single ana- 
tomical description of the least value. All that he knew 
may have been known, and probably was known, with- 
out dissection. ... I do not assert that he never opened 
an animal; on the contrary it seems highly probable 
that he had opened many. . . . He never followed the 
course of a vessel or a nerve ; never kid bare the origin 
and insertion of a muscle ; never discriminated the com- 
ponent parts of organs ; never made clear to himself the 
connection of organs into systems." — (pp. 166-7.) 

In the face of the description of the heart and lungs, 



* '^mstoire des Sciences Natorelles."— 4. L p. 180. 
\ *' Aristotle, a Chapter from the Histoxy of Sdence." 
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\aBt qiiotedi I think we may yenture to say that no one 
-who lias acquired even an dementary practical acquaint- 
ance ^with anatomy, and knows of his own knowledge 
that i^Idch. Aristotle describes, will agree with the opin- 
ion expressed by Mr. Lewes; and those who turn to 
t^e acoonnts of the stmctnre of the rock lobster and the 
common lobster, or to that of the Cephalopods and other 
MoUns^y in the fourth book of the ^^Historia Anima- 
litim,'' will probably feel inclined to object to it still 
more strongly. 

On the other hand, Ouvier's exaggerated panegyric 
will as little bear the test of cool discussion. In Greece, 
the century before Aristotle's birth was a period of great 
intellectnal activity, in the field of physical science no 
less than elsewhere. The method of induction has neyer 
\>een xificd to better effect than by Hippocrates; and 
the labours of such men as Alkmeon, Demokritus, and 
Polybus, among Aristotle's predecessors; Diokles, and 
Praxagoras, among his contemporaries, laid a solid foun- 
dation for the scientific study of anatomy and deyelop- 
ment, independently of his labours. Aristotle himself 
informs us that the dissection of animals was commonly 
practised; that the aorta had been distinguished from 
the great vein; and that the connection of both with 
the heart had been observed by his predecessors. What 
they thought about the structure of the heart itself or 
that of the lungs, he does not tell us, and we have no 
means of knowing. So far from arrogantly suggesting 
that he owed nothing to his predecessors, Aristotle is 
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Oftrof al to refer to their obeervatiooB, and to explain whj^ 
in Ub judgment, they fell into the errors wliich he 
corrects. 

Arbtotle^s knowledge, in fact, appears to hare stood 
in the same relation to that of such men as Polybns and 
Diogenes of ApoUonia, as that of HerophUns and £ra- 
sistratns did to his own, so far as the heart is eonoemed. 
lie carried science a step beyond the point at which he 
f onnd it ; a meritorious, but not a miraculous, achieve- 
ment. What he did, required the possession of very 
good powers of observation; if they had been poweis 
of the highest class, he could hardly have left sudi con- 
spicuous objects as the yalves of the heart to be discov- 
ered by his successors. 

And this leads me to make a final remark upon a 
singular feature of the ^^Historia Animalium." As a 
Whole, it is a most notable production, full of accurate 
information, and of extremely acute generalisations of 
the observations accumulated by naturalists up to that 
time. And yet, every here and there, one stumbles 
upon assertions respecting matters which lie within the 
scope of the commonest inspection, which are not so 
much to be called errors, as stupidities. What is to be 
made of the statement that the sutures of women's skulls 
are different from those of men ; that men and sundry 
male animals have more teeth than their respective fe- 
males; that the back of the skull is empty; and so on? 
It is simply incredible to me, that the Aristotle who 
^n*ote the account of the heart, also committed himself 
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to absurdities which can be excused by no theoretical 
prepossession and which are contradicted bj the plainest 
observation. 

lYhat, after all, were the original manuscripts of the 
** Sistoria Animalium '* ? If they were notes of Aris- 
totle's lectures taken by some of his students, any lec- 
turer who has chanced to look through such notes, would 
find the interspersion of a foundation of general and 
sometimes minute accuracy, with patches of transcen- 
dent blundering, perfectly intelligible. Some competent 
Oreek scholar may perhaps think it worth while to tell 
US what may be said for or against the hypothesis thus 
liinted. One obvious diflBiculty in the way of adopting 
it is the fact that, in other works, Aristotle refers to 
the ^^Historia Animalium " as if it had already been 
made public by himself. 



ON THE HYPOTHESIS THAT ANIMALS AJRE 
AUTOMATA, AND ITS HISTORY. 

The first half of the eeyenteenth centnry is one of 
the great epochs of biological science. For thongh sug^- 
gestions and indications of the conceptions which took 
definite shape, at that time, are to be met with in works 
of earlier date, they are little more than the shadows 
which coming truth casts forward ; men's knowledge was 
neither extensive enongh, nor exact enough, to show 
them the solid body of fact which threw these shadows. 

But, in the seventeenth century, the idea that the 

. ^, P^'ocesses of life are capable of bein£^ explained 

in the same wav as ^fi, iT • i i. a 

therefore, that th . . V^J«^^ phenomena, and, 

proved to be trn^ ^^^ ^^^ ^ * mechanism, was 

and, havim^ th ^ certain classes of vital actions ; 

*^ conception h ^^ *™^ ^^^^ ^ irrefragable &ct, 

•««*ult which has*^w^* ^^^ enccessfuUy repelled every 

«^wn in forco and^ ^^e upon it, but has steadily 

h S'!^"'^ ^*I«^«ed or 1^* ^ appKcation, mitil it is 

ll ^ «jo whole doctrine ^^ ^ fundamental proposition 

■^ «^ei>tific Physiology. 
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If we ask to whom mankind are indebted for this 
great service, the general voice will name William Har- 
vey. For, by his discovery of the circulation of the 
blood in the higher animals, by his explanation of the 
nature of the mechanism by which that circulation is 
effected, and by his no less remarkable, though less 
known, investigations of the process of development, 
Harvey solidly laid the foundations of all those physical 
explanations of the functions of sustentation and repro- 
duction which modem physiologists have achieved. 

But the living body is not only sustained and repro- 
duced : it adjusts itself to external and internal changes ; 
it moves and feels. The attempt to reduce the endless 
complexities of animal motion and feeling to law and 
order is, at least, as important a part of the task of the 
physiologist as the elucidation of what are sometimes 
called the vegetative processes. Harvey did not make 
this attempt himself; but the influence of his work 
upon the man who did make it is patent and unques- 
tionable. This man was Ben^ Descartes, who, though 
by many years Harvey's junior, died before him; and 
yet, in his short span of fifty-four years, took an undis- 
puted place, not only among the chiefs of philosophy, 

» but amongst the greatest and most original of mathema- 

ticians; while, in my belief, he is no less certainly en- 
titled to the rank of a great and original physiologist ; 
inasmuch as he did for the physiology of motion and 
sensation that which Harvey had done for the circulation 

^ of the blood, and opened up- that road to the mechanical 
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theory of these processes, which has been followed by 
all his successors. 

Descartes was no mere speculator, as some would 
haye us believe: but a man who knew of his own 
knowledge what was to be known of the facts of 
anatomy and physiology in his day. He was an un- 
wearied dissector and observer ; and it is said, that, on 
a visitor once asking to see his library, Descartes led 
him into a room set aside for dissections, and full of 
specimens under examination, "There," said he, "is 
my library." 

I anticipate a smile of incredulity when I thus 
champion Descartes' claim to be considered a physiologist 
of the first rank. I expect to be told that I have read 
into his works what I find there, and to be asked, Why 
is it that we are left to discover Descartes' deserts at 
this time of day, more than two centuries after his 
death? How is it that Descartes is utterly ignored in 
some of the latest works which treat expressly of the 
subject in which he is said to have been so great ? 

It is much easier to ask such questions than to answer 
them, especially if one desires to be on good terms with 
one's contemporaries ; but, if I must give an answer, it 
is this : The growth of physical science is now so pro- 
digiously rapid, that those who are actively engaged in 
keeping up with the present, have much ado to find 
time to look at the past, and even grow into the habit 
of neglecting it. But, natural as this result may be, it 
is none the less detrimental. The intellect loses, for 
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there is assuredly no more effectaal method of dearing 
up one's OTvn mind on any subject than by talking it 
over, BO to speak, with men of real power and grasp, 
who liave considered it from a totally different pomt 
of viewr. The parallax of time helps us to the tme posi- 
tion ol a conception, as the parallax of space helps ns 
to that of a star. And the moral nature loses no less. It 
is well to turn aside from the fretful stir of the present 
and to dwell T^th gratitude and respect upon the 
services of those " mighty men of old who have gone 
down to the grave with their weapons of war,'' but who, 
while they yet lived, won splendid victories over igno- 
rance. It is well, again, to reflect that the fame of Des- 
cartes filled all Europe, and his authority overshadowed 
it, for a century ; while now, most of those who know 
his name think of him, either as a person who had some 
preposterous notions about vortices and was deservedly 
annihilated by the great Sir Isaac Newton; or as the 
apostle of an essentially vicious method of deductive 
speculation ; and that, nevertheless, neither the chatter 
of shifting opinion, nor the silence of personal oblivion, 
has in the slightest degree affected the growth of the 
great ideas of which he was the instrument and the 
mouthpiece. 

It is a matter of fact that the greatest physiologist 
of the eighteenth century, Haller, in treating of the 
functions of nerve, does little more than reproduce and 
enlaige upon the ideas of Descartes. It is a matter of 
fact that David Hartley, in his remarkable work the 
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^ EmBj on Man," ezpready, though still insofficientlyy 
acknowledgeB the resembkaoe of his fondamental con- 
oeptions to those of Descartes; and I shall now en- 
dearonr to show that a series of propositionsi which 
constitute the f oondadon and essence of the modem 
physiology of the nervous system, are folly expreesed 
and illustrated in the works of Descartes. 

L 2%e brain is the ergon of sensaiionj ihofughiy and 
emoUan; tkai ia to My, mms change in tie eon- 
ditian qf the matter ^f this organ is the innari- 
able antecedent of the etate of eonscioueneee to 
which each of theee terms is ajfplied. 

In the "Principes de la Philosophie '^ (§ 169), Des- 
cartes says: — * 

^^ Although the soul is miited to the whole body, its principal 
functions are, nevertheless, performed in the brain ; it is here that 
it not onlj understands and imagines, but also fiMls ; and thb ia 
effected by the intennediation of the nerves, which extend in the 
form of delicate threads from the brain to all parts of the body, to 
which they are attached in suioh a manner, that we can hardly touch 
any part of the body without setting the extremity of some nerve 
in motion. This motion passes along the nerve to that part of the 
brain which is the common sensorium, as I have sufficientiy ex- 
plained in my Treatise on Dioptrics; and the movements which 
thus travel along the nerves, as far as that part of the brain with 
which the soul is closely joined and united, cause it, by reason 
of their diverse characters, to have different thoughts. And it is 
these different thoughts of the soul, which arise immediately from 
the movements that are excited by the nerves in the brain, which 
we properly term our feelings, or the perceptions of our senses.'* 

* I quote, here and always, Oousin's edition of the works of Desoartes, 
» most conyement for reference. It is entitied ** (EuTres oompl^tea de 
^^escartea," pnbfi^es par Victor Ck>a8m. 1824. 
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Elsewhere,* Descartes, in arguing that the seat of 

the passions is not (as many suppose) the heart, bat the 

"brain, uses the following remarkable language: — 

^'The opinion of those who think that the sonl receiveB its pas- 
sions in the heart, is of no weight, for it is based npon the fact that 
the passions cause a change to be felt in that organ ; and it is easy to 
see that this change is felt, as if it were in the heart, only by the 
intermediation of a little nerve which descends from the brain to 
it ; Jost as pain is felt, as if it were in the foot, by the intermedia- 
tion of the nenres of the foot; and the stars are perceived, as if 
they were in the heavens, by the intermediation of their light and 
of the optic nerves. 80 that it is no more necessary for the soul to 
exert its functions inmiediately in the heart, to feel its passions 
there, than it is necessary that it should be in the heavens to see 
the stars there." 

This definite allocation of all the phenomena of 
conscionsness to the brain as their organ, was a step 
the value of which it is difficult for ns to appraise, so 
completely has Descartes' view incorporated itself with 
eveiy-day thought and common language. A lunatic 
is said to be " crack-brained " or " touched in the head,'' 
a confused thinker is *^ muddle-headed," while a clever 
man is said to have ^^ plenty of brains ;" but it must be 
remembered that at the end of the last century a con- 
siderable, though much over-estimated, anatomist, Bi- 
chat, so far from having reached the level of Descartes, 
could gravely argue that the apparatuses of organic life 
are the sole seat of the passions, which in no way affect 
the brain, except so far as it is the agent by which the 
influence of the passions is transmitted to the muscles.f 

* '* Lea Passions de T Ame," Article xziiii. 

f ^ Recherches phyBioloc^ques sur la Vie et la Mort" Par Xav. Bidiat 
Art. Ozidme. 
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Modem physiology, aided by pathology, easily dem- 
onBtrates that the brain is the seat of all forms of eon- 
scionsness, and fnlly bears out Descartes' explanation 
of the reference of those sensations in the viscera which 
accompany intense emotion, to these organs. It proves, 
directly, that those states of consciousness which we 
call sensations are the immediate consequent of a change 
in the brain excited by the sensory nerves ; and, on the 
well-known e£Eects of injuries, of stimulants, and of 
narcotics, it bases the conclusion that thought and 
emotion, are, in like manner, the consequents of physi- 
cal antecedents. 

II. The movements of ani/mals a/re due to the change 
of form of mtcsdeSj which shorten a/nd heoome 
thicker/ amd this change of form in, a muscle 
a/rises from a motion of the sizbstanoe contained 
within the nerves which go to the musde. 

In the "Passions de I'Ame," Art. vii., Descartes 
writes: — 

** Moreover, we know that all the movements of the limbs de- 
pend on the moscles, and that these mnscles are opposed to one 
another in snch a manner, that when one of them shortens, it draws 
along the part of the body to which it is attached, and so gives 
rise to a simultaneous elongation of the muscle which is opposed to 
it. Then, if it happens, afterwards, that the latter shortens, it 
causes the former to elongate, and draws towards itself the part to 
which it is attached. Lastly, we know that all these movements 
of the muscles, as all the senses, depend on the nerves, which are 
like little threads or tubes, which all come from the brain, and, like 
it, contain a certain very subtle air or wind, termed the animal 
spirits," 
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The property of muscle mentioned by Descartes 
no^w goes by the general name of contractility, but bis 
definition of it remains untouched. The long-contin- 
ued controversy whether contractile substance, speak- 
ing generally, has an inherent power of contraction, or 
T^hether it contracts only in virtue of an influence 
exerted by nerve, is now settled in Haller's favour; 
but Descartes' statement of the dependence of mus- 
cular contraction on nerve holds good for the higher 
forms of muscle, under normal circumstances ; so that, 
although the structure of the various modifications of 
contractile matter has been worked out with astonishing 
minuteness — although the delicate physical and chem- 
ical changes which accompany muscular contraction have 
been determined to an extent of which Descartes could 
not have dreamed, and have quite upset his hypothe- 
sis that the cause of the shortening and thickening of 
the muscle is the flow of animal spirits into it from 
&e nerves — the important and fimdamental part of 
his statement remains perfectly true. 

The like may be aflSrmed of what he says about 
nerve. We know now that nerves are not exactly 
tubes, and that "animal spirits" are myths; but the 
exquisitely refined methods of investigation of Du- 
boift-Reymond and of Helmholz have no less clearly 
proved that the antecedent of ordinary muscular con- 
traction is a motion of the molecules of the nerve 
going to the muscle; and that this motion is propa' 
gated with a measurable, and by no means great, ve- 






914 ANIMAL AUTOMATISM. 

looitjy throngh the substance of the nerve towaids the 
mnsde* 

With the progress of research, the term '^animal 
spirits" gave way to '^neryons fluid," and ^nerFons 
fluid" has now given way to '^molecular motion of 
nerve-subtance." Our conceptions of what takes place 
in nerve have altered in the same way as our concep- 
tions of what takes place in a conducting wire have 
altered, since electricity was shown to be not a finid, 
but a mode of molecular motion. The change is of vast 
importance, but it does not affect Descartes' fundamen- 
tal idea, that a change in the substance of a motor nerve I 
propagated towards a muscle is the ordinaiy cause of 
muscular contraction. 

III. j[%e 9en8ation8 of animals are drie to a motion of 
the suietanoe of ihs nervee which connect the sen- 
sory orgims with the Irain. 

In La Dioptrique (Disconrs Quatridme), Descartes 
explains, more fully than in the passage cited above, his 
hypothesis of the mode of action of sensory nerves : — 

^^It is the little threads of which the inner snhstance of the 
nerves is composed vrhich subserve sensation. Ton must conceive 
that these little threads, being inclosed in tabes, which are always 
distended and kept open by the animal spirits which they contain, 
neither press upon nor interfere with one another, and are extended 
from the brain to the extremities of all the members which are sen- 
sitive — in sacb a manner that the slightest toach which excites the 
Part of one of the members to which a thread is attached, gives rise 
* 'notion of the part of the brain whence it arises, just as by pull- 
^ one of the ends of a stretched cord, the other end is instantane- 
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oiisly moved. . . • And we most take care not to imagine that, in 
order to feel, the sonl needs to behold certain images sent by the 
ol>jects of sense to the brain, as oar philosophers commonly sup- 
pose ; or, at least, we mast conceive these images to be something 
quite different from what they suppose them to be. Por, as all 
tliey suppose Is tfiat these images ought to resemble the objects > 
^wliich they represent, it is impossible for them to show how they 
can be formed by the objects received by the organs of the external 
senses and transmitted to the brain. And they have had no reason 
for supposing the existence of these images except this ; seeing that 
the mind is readily excited by a picture to conceive the object which 
is depicted, they have thought that it must be excited in the same 
iKraj to conceive those objects which affect our senses by little pic- 
tures of them formed in the head ; instead of which we ought to 
Tecollect that there are many things besides images which may ex- 
cite the mind, as, for example, signs and words, which have not the 
least resemblance to the objects which they signify." * 

« 

Modem physiology amends Descartes' conception of 
the mode of action of sensory nerves in detail, by show- 
ing that their structure is the same as that of motor 
nerves ; and that the changes which take place in them, , 
when the sensory organs with which they are connected 
are excited, are of just the same nature as those which 
occur in motor nerves, when the muscles to which they 
are distributed are made to contract : there is a molecu- 
lar change which, in the case of the sensory nerve, is 
propagated towards the brain. But the great fact in- 
sisted upon by Descartes, that no likeness of external 

* Locke (Human Understanding^ Book n., chap. viii. 37) uses Des- 
cartes' illustration for the same purpose, and warns us that " most of the 
ideas of sensation are no more the likeness of somethiiiK existing without 
us than the names that stand for them are the likeness or our ideas, which 
yet, upon hearing, they are apt to excite in us," a declaration which paved 
the way for Berkeley. 
10 
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things 10, or can be, transmitted to the mind by the 
sensory organs ; bat that, between the external cause of 
a sensation and the sensation, there is inteirpoeed a mode 
of motion of nervons matter, of which the state of con- 
sciousness is no likeness, but a mere symbol, is of the 
prof oundest importance. It is the physiological f onnda- 
tion of the doctrine of the relativity of knowledge, and 
a more or less complete idealism is a necessary conse- 
qnence of it. 

For of two alternatives one must be true. Either 
consciousnesB is the function of a something distinct 
from the brain, which we call the soul, and a sensation 
is the mode in which this soul -is affected by the motion 
oi a part of the brain ; or there is no soul, and a sensa- 
tion is something generated by the mode of motion of 
a part of the brain. In the former case, the phenomena 

tL^ ^^^ ^"^ ^"^^^ spiritual affections; in the latr 
jr, they are something manufactured by the mechanism 

niechmf'^^' *^^ ^ ™^^® *^® ^^^® ^^^^ ^^ ^* 
^*e the^n h' ™^*'^°' "^ *^® »^™^ <>* a repeater is un- 

The nerlon^ ^' ^^ ^^^^ ^^^ ^^^ ™® ^ ^*' 

a^d the assumed ^"^^*®^ stands between consciousness 

^n talk with hig fi^^™^ ^orld, as an interpreter who 

*^^ a n^an who fa?"^ ^^^^ between a hidden speaker 

^^^t to a belief on ^^"^^ ^^^^—and Realism is equiva- 

«^^er must alao be ! f^ ""* *^^ ^^f ^an, that the 

ZT^'' "^ touchent .- S^* r^'^ ^^ fingers. "Les 

^ *^® l>^in," is the K(*. 
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'tean doctrine that '^the phenomenfld universe is the crea- 
-tion of the Ego," expressed in other language. 

XV. The Tnotion of the maUer of a sensory nerve may le 
transmitted through the hram to motor nerves j a/nd 
therdnf give rise to contraction of the muscles to 
which ikese motor nerves are distributed; and this 
reflection of m4>tion from a sensory into a motor 
nerve Toay take place wOhovi vditiony or even con- 
trary to it 

In stating these important truths, Descartes defined 
that which we now term "reflex action." Indeed he 
almost uses the term itself, as he talks of the " animal 
spirits " as " r6fl6chis," * from the sensory into the motor 
nerves. And that this use of the word " reflected " was 
no mere accident, but that the importance and appro- 
priateness of the idea it suggests was fully understood 
by Descartes' contemporaries, is apparent from a passage 
in Willis's well-known essay, "De AnimA Brutorum," 
published in 1672, in which, in giving an accoimt of 
Descartes' views, he speaks of the animal spirits being 
diverted into motor channels, "velut undulatione re- 
flexA." t 

* ** Passions de PAme," Art. xzzvi. 

f " Qoamcumqae Bruti actionem, velut automati mechanici motom arti- 
fidalem, in eo oonsistere qnod se primd sensibile aliqaod spiritus animales 
afficiens, eosque introrsnm convertens, tenskmem exdtat, & qua mox iidem 
spiritus, velut undulatione reflex& denuo retrorsum oommoti atque pro con- 
ciiino ipsius fabric» organorum, et partium ordine, in oertos nervos musco* 
losque determinati, respectivos membfwrum motw perficiunt." — ^Willis: 
''Be Anim& Brutorum,** p. 6, ed. 1Y63. 
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Nothing can be ^deaier in Btatement, or in iUnfitrar 
tion, than the view of reflex action which Descartes 
givea in the ^Passions de I'Ame," Art ziii. 

After recapitulating the manner in which seiiBory 
impressions transmitted by the sensory nerves to the 
brain give rise to sensation, he proceeds : — 

^^ And in addition to the different feelings excited in tbo soul bjr 
these different motions of the brain, the animal spirits, witboat the 
intervention of the soul, may take their coarse towards cert&iii mofl- 
eles, rather tlian towards others, and thns move the limbs, as X ahaZI 
prove bj an example. If some one moves his hand rapidlj towards 
our eyes, as if he were going to strike us, although we kno^w that 
he is a friend, that he does it only in jest, and that he will be very 
careftil to do as no harm, nevertheless it will be hard to keep i^am 
poking. And this shows, that it is not by the agency of the soul 
that the eyes shat, since this action is contrary to that volition 

il b " ^^ ^^^^' ^^ ** ^®"* ^* ®^^®^ fiinction of the soul ; but ii 
of ^T^A^^ Daechanism of oar body is so disposed, that the motion , 
and thifl *^^*^s our eyes excites aaother movement in onr brain^ 
eyelids t<f o^o ^^ '^^^ spirits into those muscles which cause the 

Iso'ged ^^^^''tes' time, experiment has eminently en- 

The diJ^ ^owledge of the details of reflex action. 

"o uiscoverv of "R^ii -l 

^^ *t© senso enabled us to follow the tracks 

dies of Txerv^^^^. motor impulses, along distinct bun- 

^^^y has been ^^^ ' *^^ *^® ^V^nel cord, apart from the 

action ; bnt the fn^^^ '^ ^ ^ S^e** ^^^^^ ^* ^^®^ 

""^"^ ^®^t it, and h .^'^^^^ conception remains as Des- 

o^ogy at the present '^i''''^ ""^ ^^^ V^O^ of nerve physi- 

^ ''''''''^ by tA^ ^^^^^OT^ion <f iJta matter of the 
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hehvnd a readiness to he moved m the same way^ in 
that part. Anything which resuscitates the motion 
gives rise to the appropriate feeling. This is the 
physical m^echanism of memory. 

Descartes imagined that the pineal body (a cnrions 
appendage to the upper side of the brain, the function 
of which, if it have any, is wholly unknown) was the 
instrument through which the soul received impressions 
from, and communicated them to, the brain. And he 
thus endeavours to explain what happens when one tries 
to recollect something : — 

** Thas when the soul wills to remember anything, this volition, 
causing the [pineal] gland to incline itself in different directions, 
^ves the [animal] spirits towards different regions of the brain, 
until they reach that part in which are the traces, which the object 
which it desires to remember has left. These traces are produced 
thus : those pores of the brain throagh which the [animal] spirits 
have previously been driven, by reason of the presence of the ob- 
ject, have thereby acquired a tendency to be opened by the animal 
spirits which return towards them, more easily than other pores, so 
that the animal spirits, impinging on these pores, enter them more 
readily than others. By this means they excite a particular move- 
ment in the pineal gland, which represents the object to the soul, 
and causes it to know what it is which it desired to recollect." * 

That memory is dependent upon some condition of 
the brain is a fact established by many considerations — 
among the most important of which are the remarkable 
phenomena of aphasia. And that the condition of the 
brain on which memory depends, is largely determined 
by the repeated occurrence of that condition of its mo- 

• «L68 Passions de rAme," xUL 
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lecnles, which giveB rise to the idea of the thing remem- 
bered, is no less certain. Every boy who learns his 
lesson by repeating it exemplifies the fact. Descartes, 
as we have seen, supposes that the pores of a given part 
of the brain are stretched by the animal spirits, on the 
occurrence of a sensation, and that the part of the brain 
thus stretched, being imperfectly elastic, does not return 
to exactly its previous condition, but remains more dis- 
tensible than it was before. Hartley supposes that the 
vibrations, excited by a sensory, or other, impression, 
do not die away, but are represented by smaller vibra- 
tions or " vibratiuncules,*' the permanency and intensity 
of which are in relation with the frequency of repetition 
of the primary vibrations. Haller has substantially the 
same idea, but contents himself with the general term 
^^ mutationes," to express the cerebral change which is 
the cause of a state of consciousness. These '^muta- 
tiones" persist for a long time after the cause which 
gives rise to them has ceased to operate, and are arranged 
in the brain according to the order of coexistence and 
succession of their causes. And he gives these persistent 
'^ mutationes " the picturesque name of vesttffia renim^ 
^^qusB non in mente sed in ipso corpore et in medulla 
quidem cerebri ineffabili modo incredibiliter minutis 
notis et copia infinita, inscriptse sunt." * I do not know ' 
that any modem theory of the physical conditions of 
memory differs essentially from these, which are all chil- 
dren — mttUUis mviandis — of the Cartesian doctrine, 

• HaU6r,*«Priiii8D Linen,** ed.ui. «* SeiuraB nitenii,*« dlviii. 
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Pliysiology is, at present, incompetent to say anything 
positively abont the matter, or to go farther than the 
expression of the high probability, that every molecular 
cliange which gives rise to a state of consciousness, leaves 
a more or less persistent structural modification, through 
which the same molecular change may be regenerated 
by other agencies than the cause which first produced it. 

Thus far, the propositions respecting the physiology 
of the nervous system which are stated by Descartes 
have simply been more clearly defined, more fully illus- 
trated, and, for the most part, demonstrated, by modem 
physiological research. But there remains a doctrine to 
which Descarte^ attached great weight, so that full ac- 
ceptance of it became a sort of note of a thorough-going 
Cartesian, btit which, nevertheless, is so opposed to 
ordinary prepossessions that it attained more general 
notoriety, and gave rise to more discussion, than almost 
any other Cartesian hypothesis. It is the doctrine, that 
brute animals are mere machines or automata, devoid not 
only of reason, but of any kind of consciousness, which is 
stated briefly in the "Discours de la Mfithode,*' and 
more fully in the '^ Espouses aux Quatridmes Objec- 
tions," and in the correspondence with Heniy More.* 

The process of reasoning by which Descartes arrived 
at this stertling conclusion is well shown in the following 
passage of the " B6ponses : " — 

* " B^ponse de H. Descartes ^ H. Morns.'' 1649. '* (Eayres," tome x. 
p. 204. '* Mais le plus grand de tous lea pr^jug^s que nous ayons retenus 
de noire enfance, est oelui de croiie que les bdtes peosent,** etc 
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" Bat as regards the souls of beasts, althoogh this is not the 
place for considering them, and thoogfa, withoat a general exposi- 
tion of phjsics, I can say no more oa this subject than I have 
already said in the fifth part of my Treatise on Method ; yet, I will 
farther state, here, that it appears to me to be a very remarkable 
circomstance that no movement can take place, either in the bodies 
of beasts, or even in our own, if these bodies have not in themselves 
all the organs and instmments by means of which the very same 
movements would be accomplished in a machine. So that, even in 
OS, the spirit, or the soul, does not directly move the limbs, but only 
determines the course of that very subtle liquid which is called the 
animal spirits, which, running continually from the heart bj the 
brain into the muscles, is the cause of aD the movements of our 
limbs, and often may cause many different motions, one as easily as 
the other. 

^ And it does not even always exert this determination ; for 

among the movements which take place in us, there are many 

which do not depend on the mind at all, such as the beating of the 

heart, the digestion of food, the nutrition, the respiration, of those 

who sleep ; and, even in those who are awake, walking, singing, and 

other similar actions, when they are performed without the mind 

thinking about them. And, when one who falls from a height 

throws his hands forwards to save his head, it is in virtue of no 

ratiocination that he performs this action ; it does not depend upon 

IS mind, but takes place merely because his senses being affected 

^ the present danger, some change arises in his brain which deter- 

mlnrer ."°"°*^. ^^^ ^ P^ ^«nce into the nerves, in snch a 

a machi '* '®*l'**'®d to produce this motion, in the same way as in 

since we'lh^ryj'li^''^. *^^ "'"''^ ^'°^ *^^^ *^ ^^°^^"* '^' ^""'^ 
astonished if the l* h^ ^ ourselves, why should we be so much 
of a sheep has th '^^^cted from the body of a wolf into the eye 

" After having ^^ ^^^^ ^ ®^®^*^ ^° '^^ ^® motion of flight, 
w^hether certain move^'^^^ **^^®* ^ ^® ^^^ ^ ^^^ ^^ reasoning, 
«»'e effected in us by th*^^** ^^ beasts are comparable to those which 

^ those fvhich depend V?^*^**^^" ^^ *^® ™^°^' ^^' ^° *^® contrary, 

ion of the organs, it is n ^ ^^ *^® animal spirits and the disposi- 

on^lif'^v' ^^'^^ ^ ^a^e e^^^^ *^ consider the difference between 

then U "^ Cfor I do not thitZ^^ ^^ *^® ^^ P^ ^^ *^® Discourse ' 

^ul easily be seen, th ^^** ^^ ^^^^^ ^^ discoverable), and 

*^ all the actions of beasts are similar 
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onlj to those which we perform without the help of oar minds. %/ 
Por which reason we shall be forced to condade, that we know of 
the existence in them of no other principle of motion than the dis- 
position of their organs and the continual affluence of animal spirits 
I»roduced by the heat of the heart, which attenuates and subtilises ^ 
the blood; and, at the same time, we shall acknowledge that we 
have had no reason for assuming any other principle, except that, 
not having distinguished these two principles of motion, and seeing ( 
that the one, which depends onlj on the animal spirits and the 
organs, exists in beasts as well as in us, we have hastily concluded 
that the other, which depends on mind and on thooght, was also 
possessed by them." 

Descartes' line of argument is perfectly clear. He 
starts from reflex action in man, from the nnqaestionable 
fact that, in ourselves, co-ordinate, purposive, actions 
may take place, without the intervention of conscious- 
ness or volition, or even contrary to the latter. As 
actions of a certain degree of complexity are brought 
about by mere mechanism, why may not actions of still 
greater complexity be the result of a more refined 
mechanism t What proof is there that brutes are other 
than a superior race of marionettes, which eat without 
pleasure, ciy without pain, desire nothing, know nothing, 
and only simulate intelligence as a bee simulates a mathe- 
matician ? * 

* ICalebrancbe states the yiew taken by orthodox Cartesians in 1689 
very forcibly : '* Ainsi dans les duenii, les chats, et les autres animaux, il 
n'y a ny faitelligence, ny &me spiritaelle comme on Pentend ordhuurement. 
Us mangent sans plaiidr; Us orient sans doaleur; lis eroissent sans le 
s^voir ; ils ne d^sirent rien ; lis ne oonnoissent rien ; et s'ils agissent avec 
adresse et d*une maniire qui marque Pintelligenoe, c'est que Diea les faisant 
pour les Oonserrer, SI a conform^ leurs corps de telle mani^re, qu'ils 6viteat 
ofganiqaement, sans le s^avour, tout oe qui pent les d6traire et qn'ils 
semblent craindra.'* ("FeuiUet de Conches, limitations M6taphysiques et 
Correspondanoe de N. Halebranche. NeuTiime Meditation." 1841.) 
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The Port EojalistB adopted the hypothesis that 
bmtes are machines, and are said to have carried its 
practical applications so far, as to treat domestic animals 
with neglect, if not with actnal cmelty. As late as the 
middle of the eighteenth centoiy, the problem was dis- 
cussed very fully and ably by Bonillier, in his ^^Essai 
philosophiqne sor I'Ame des B6tes," while Oondillac 
deals with it in his ^ Traits des Animaux ; " bat since 
then it has received little attention. Kevertheless, mod- 
em research has brought to light a great multitude of 
facts, which not only show that Descartes' yiew is defen- 
sible, but render it far more defensible than it was in his 
day. 

It must be premised, that it is wholly impossible 
absolutely to prove the presence or absence of conscious- 
ness in anything but one's own brain, though, by anal- 
ogy, we are justified in asffuming its existence in other 
men. Now if, by some accident, a man's spinal cord is 
divided, his Hmbs are paralysed, so far as his volition 
is concerned, below the point of injuiy; and he is in- 
capable of experiencing all those states of consciousness, 
which, in his nninjured state, would be excited by irrita- 
tion of those nerves which come ofi below the injury. 
If the spinal cord is divided in the middle of the back, 
for example, the skin of the feet may be cut, or pinched, 
or burned, or wetted with vitriol, without any sensation 
of touch, or of pain, arising in consciousness. So far as 
the man is concerned, therefore, the part of the central 
nervous system which lies beyond the injuiy is' cut ofE 
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from consciousness. It mast indeed be admitted, that, 
if any one think fit to maintain that the spinal cord 
below the injury is conscious, but that it is cat off from 
any means of making its conscioosness known to the 
other consciousness in the brain, there is no means of 
driving h^rn from his position by logic. But assuredly 
there is no way of proving it, and in the matter of con- 
8ciousn(2ss, if in anything, we may hold by the rule, '' De 
non apparentibus et de non existentibus eadem est rar 
tio.'' However near the brain the spinal cord is in- 
jured, consciousness remains intact, except that the irri- 
tation of parts below the injury is no longer represented 
by sensation. On the other band, pressure upon the 
anterior division of the brain, or extensive injuries to 
it, abolish consciousness. Hence, it is a highly probable 
conclusion, that consciousness in man depends upon the 
integrity of the anterior division of the brain, while the 
middle and hinder divisions of the brain, and the rest 
of the nervous centres, have nothing to do with it. And 
it is further highly probable, that what is true for man 
is true for other vertebrated animals. 

We may assume, then, that in a living vertebrated 
animal, any segment of the cerebro-spinal axis (or spinal 
cord and brain) separated from that anterior division of 
the brain which is the organ of consciousness, is as com- 
pletely incapable of giving rise to consciousness, as we 
know it to be incapable of carrying out volitions. Kev- 
ertheless, this separated segment of the spinal cord is 
not passive and inert. On the contrary, it is the seat 
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of extremely remarkable powers. In our imaginary 
case of injury, the man wonld, as we have seen, be de- 
void of sensation in his legs, and wonld haye not the 
least power of moving them. But, if the soles of his 
feet were tickled, the legs would be drawn up, just as 
vigorously as they would have been before the injury. 
We know exactly what happens when the soles of the 
feet are tickled ; a molecular change takes place in the 
sensory nerves of the skin, and is propagated along them 
and through the posterior roots of the spinal nerves, 
which are constituted by them, to the grey matter of 
the spinal cord. Through that grey matter, the molecu- 
lar motion is reflected into the anterior roots of the 
same nerves, constituted by the filaments which supply 
the muscles of the legs, and, travelling along these mo- 
tor filaments, reaches the muscles, which at once con- 
tract, and cause the limbs to be drawn up* 

In order to move the legs in this way, a definite co- 
ordination of muscular contractions is necessary; the 
muscles must contract in a certain order and with duly 
proportioned force ; and moreover, as the feet are drawn 
away from the source of irritation, it may be said that 
the action has a final cause, or is purposive. 

Thus it follows, that the grey matter of the segment 
of the man's spinal cord, though it is devoid of con- 
sciousness, nevertheless responds to a simple stimulus 
by giving rise to a complex set of muscular contractions, 
co-ordinated towards a definite end, and serving an obvi- 
ous purpose. 
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If the spinal cord of a frog is cut across, so as to 
provide ns with a segment separated from the bndn, we 
Bh.aU haye a sabject parallel to the injured man, on 
^^rliich ez;>eriments can be made without remorse; as 
w^e have a right to conclude that a frog's spinal cord is 
not lilkely to be conscious when a man's is not. 

Now the frog behaves just as the man did. The 
legs are utterly paralysed, so far as voluntary move- 
ment is concerned ; but they are vigorously drawn up 
to the body when any irritant is applied to the foot. 
Snt let us study our frog a little farther. Touch the 
Bkin of the side of the body with a little acetic acid, 
^which gives rise to all the signs of great pain in an un- 
injured irog. In this case, there can be no pain, because 
the application is made to a part of the skin supplied 
with nerves which come o£E from the cord below the 
point of section ; nevertheless, the frog lifts up the limb 
of the same side, and applies the foot to rub off the 
acetic acid; and, what is still more remarkable, if the 
limb be held so that the frog cannot use it, it will, by- 
and-by, move the limb of the other side, turn it across 
the body, and use it for the same rubbing process. It 
is impossible that the frog, if it were in its entirety and 
could reason, should perform actions more purposive 
than these: and yet we have most complete assurance 
that, in this case, the frog is not acting from purpose, 
has no consciousness, and is a mere insensible machine. 
But now suppose that, instead of making a section 
of the cord in the middle of the body, it had been made 
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feed itself^ altliongh food put into its mouth is swal- 
lowed. On irritation, it jumps 0( walks ; if thrown into 
the iRrater it Bwims. If it be put on the hand, it sits 
there, cronclied, perfectly quiet, and would sit there for 
-ever. X£ the Land be inclined veiy gently and slowly, 
so that the frog would naturally tend to slip off, the 
creature's fore paws are shifted on to the edge of the * 
hand) until he can just preyent himself from falling* 
If the turning of the hand be slowly continued, he 
moTrntB up "with great care and deliberation, putting first 
one leg forward and then another, until he balances 
himself with perfect precision upon the edge; and, if 
the taming of the hand is continued, oyer he goes 
through the needful set of muscular operations, until he 
comes to be seated in security, upon the back of the 
hand. The doing of all this requires a delicacy of co- 
ordination, and a precision of adjustment of the muscu- 
lar apparatus of the body, which are only comparable to 
those of a rope-dancer. To the ordinary influences of 
light, the frog, depriyed of its central hemispheres, 
appears to be blind. IT'eyertheless, if the animal be put 
upon a table, with a book at some little distance between 
it and the light, and the skin of the hinder part of its 
body is then irritated, it will jump forward, ayoiding 
the book by passing to the right or left of it. Although 
the frog, therefore, appears to haye no sensation of light, 
yisible objects act thi-ough its brain upon the motor 
TSi^^'dXL\Bm of its body.* 

\ * See the remarkable essay of Odltz, ''Beltrilge lor Lehre toq den 



1 



280 ANIMAL AUTOMATISIL 

It IB obTioiiB, that had Deecartes been acqiiamted 
with these remarkableu results of modem research, they 
would have furnished him with fiir more powerful arma- 
ments than he possessed in favonr of his view of the 
automatism of brutes. The habits of a frog, leading 
its natural life, inyolve such simple adaptations to Bur- 
rounding conditions, that the machineiy which is compe- 
tent to do so much without the intervention of oon- 
sciousness, might well do all* And this aigument is 
vastly strengthened by what has been learned in recent 
times of the marvellously complex operations whidi are 
performed mechanically, and to all appearance without 
consciousness, by men, when, in consequence of injury 
or disease, they are reduced to a condition more or less 
comparable to that of a frog, in which the anterior 
part of the brain has been removed. A case has recently 
been published by an eminent French physician. Dr. 
Mesnet, which illnstrates this condition so remarkably, 
that I make no apology for dwelling upon it at con- 
siderable length * 

A sergeant of the French army, F y twenty-seven 

years of age, was woimded during the battle of Bazeilles, 

* '^all which fractured his left parietal bone. He 

^^ctioneu d 

*®Peated o-i ^^'^c^oeiitren des FroBches," published in 1869. I have 

* '*I>e Va * ®^P®^™*^**» *^d obtained the same results. 

^^Uatne path !**^""***Mxne de la M6moire et du Souvenir, dans le Somnam- 

^*oine. M^^ij^Sique." par le Dr. E. Mesnet, M6decin de rH6pital Saint- 

«^t caller, to ^*^^^^ M6dicale," Juillet 21 ct 28, 1874. My attention was 

Stpairf?**^ ^^ JJ^K*'*"^*'^ ®^ *^*® remarkable case, which appeared |n the 
®^' **-Jt.s, ^*' " ^O' the 7th of August 1874, by my friend General 
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xan his bayonet through the Pmsfiian soldier, who 

^wounded him, but almost immediately his right arm 

became paralysed; after waUdng about two hundred 

yards, his right leg became similarly affected, and he 

lost his senses. When he recovered them, three weeks 

afterwards, in hospital at Mayence, the right half of 

the body was completely paralysed, and remained in 

this condition for a year. At present, the only trace 

of the paralysis which remains is a slight weakness of 

the right half of the body. Three or four months 

after the wound was inflicted, periodical disturbances 

of the functions of the brain made their appearance, 

and have continued ever since. The disturbances last 

from fifteen to thirty hours ; the intervals at which they 

occur being from fifteen to thirty days. 

For four years, therefore, the life of this man has 
been divided into alternating phases — short abnormal 
states intervening between long normal states. 

In the periods of normal life, the ex-sergeant's health 
is perfect ; he is intelligent and kindly, and performs, 
satisfactorily, the duties of a hospital attendant. The 
commencement of the abnormal state is ushered in by 
uneasiness and a sense of weight about the forehead, 
which the patient compares to the constriction of a circle 
of iron ; and, after its termination, he complains, for 
some hours, of dulness and heaviness of the head. But 
the transition from the normal to the abnormal state 
takes place in a few minutes, without convulsions or 
cries, and without anything to indicate the change to a 
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hy mrliiclx external influenceB determine the moyements 

of tilie l>ody, in the abnormal state. But does the state 

of conscionsness, which we term a tactile sensation, 

accompany the operation of this nervous apparatus in the 

sbnoTixial state ? or is consciousness utterly absent, the 

man being reduced to an insensible mechanism ? 

It is impossible to obtain direct evidence in favour 
oi the one conclusion or the other ; all that can be said 
is, that the case of the frog shows that the man maj be 
devoid of any kind of consciousness. 

A farther difficult problem is this. The man is in- 
sensible to sensory impressions made through the ear, 
{he nofie, the tongue, and, to a great extent, the eye ; nor 
is he susceptible of pain from causes operating during 
his abnormal state. Nevertheless, it is possible so to act 
upon his tactile apparatus, as to give rise to those mo- 
lecular changed in his sensorium, which are ordinarily 
the cau&ea of associated trains of ideas. I give a strik- 
ing example of this process in Dr. Mesnet's words : — 

" n 86 promenait dans le jardin, sons nn mansif d'arbres, on Ini 
romet 4 la main sa oanne qn^il avait laiss^ tomber qnelques minates 
avant. H la palpe, promdne & plnsienrs reprises la main sar la 
poign^e coud^e de sa oanne— devient attentif — semble pr6ter PoreiUe 
— et, tont-A-oonp, appelle ^Hemdl * Puis, *Les voiUl Us sont an 
moins nne vingtaine I & nous deux, nons en viendrons & boat I ' £t 
aioTs portant la main derridre son dos oooune poor prendre nne car- 
touche, O fait le monvement de cbarger son arme, se conche dans 
V^QTbe 4 plat ventre, la t^te oach6e par nn arbre, dans la position 
d^nn toraiUeor, et soit, rarme 6panl6e, tons les monvements de Pen- 
nenu qu'il croit voir & courte distance.^' 

^ hi a subsequent abnormal period, Dr. Mesnet caused 
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the patient to repeat thifi scene by placing him in the 
same conditions. Kow, in this case, the questicm arises 
whether the series of actions constituting this singular 
pantomime was accompanied by the ordinary states of 
consciousness, the appropriate train of ideas, or not? 
Did the man dream that he was skirmishing? or was 
he in Hie condition of one of Yancanson's automata — 
a senseless mechanism worked by molecular changes in 
his nervous system ? Hie analogy of the frog shows that 
the latter assumption is perfectly justifiable. 

The ex-sergeant haa a good Toice, and had, at one 
time, been employed as a singer at a caf & In one of 
his abnormal states he was observed to begin humming 
a tune. He then went to his room, dressed himself care- 
fully, and took up some parts of a periodical novel, which 
lay on his bed, as if he were trying to find something. 
Dr. Mesnet, suspecting that he was seeking his music, 
made up one of these into a roll and put it into his hand. 
He appeared satisfied, took up his cane and went down- 
stairs to the door. Here Dr. Mesnet turned him round, 
and he walked quite contentedly, in the opposite direc- 
tion, towards the room of the concierge. The light of 
the sun shining through a window now happened to fall 
upon him, and seemed to suggest the footlights of the 
stage on which he was accustomed to make his appear- 
ance. He stopped, opened his rdl of imaginary music, 
put himself into the attitude of a singer, and sang^ with 
perfect execution, three songs, one after the other. After 
which he wiped his face with his handkerchief and drank, 
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Mrithont a grimace, a tombler of strong vinegar and water 
^^liich was put into his hand. 

An experiment which may be performed npon the 
frog deprived of the fore part of its brain, well known 
ae Goltz's ^' Qnak-versnch," affords a parallel to this per- 
formance. If the skin of a certain part of the back of 
such a frog is gently stroked with the finger, it imme- 
diately croaks. It never croaks unless it is so stroked, 
and the croak always follows the stroke, just as the 
Bonnd of a repeater follows the touching of the spring. 
In the frog, this ^^song" is innate — so to speak d priori 
— and depends upon a mechanism in the bndn governing 
the vocal apparatus, which is set at work by the mo- 
lecular change set up in the sensory nerves of the skin 
of the back by the contact of a foreign body. 

In man there is also a vocal mechanism, and the cry 
of an infant is in the same sense innate and d priori^ 
inasmuch as it depends on an organic relation between 
its sensory nerves and the nervous mechanism which 
governs the vocal apparatus. Learning to speak, and 
learning to sing, are processes by which the vocal mech- 
anism is set to new tunes. A song which has been 
learned has its molecular equivalent, which potentially 
represents it in the brain, just as a musical box wound 
up potentially represents an overture. Touch the stop 
and the overture be&^ins : send a molecular impulse alonir 
.h, p«p» .fierea. r„; .nd .be »»g» Ugii U. «^. 
AgMn, the Bunmer in which the fi«g, tho.igh api«r. 
ently insensible to* light, is yet, under some circumstances, 
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InflDenced \>j vunal imageB, finds a siiigalar parallel izi 
the case of the ex-eei^eaiit. 

SittiDg at a table, ia one of his abnormal states, lie 
took np a pen, felt for paper and ink, and b^au to 
write a letter to hia general, in which he recommended 
himself for a medal, on acconnt of his good condn<st 
and courage. It occurred to Dr. Mesnet to ascertain 
experimentallj bow far vision was concerned in this act 
of writing. He therefore interpoeed a screen between 
the man's eyes and his hands ; under these drcnmstancee 
he went on writing for a short time, but the words be- 
came illegible, and he finally stopped, without manifest- 
ing any discontent. On the wiflidrawal of the screen 
he began to write again where he had left ofE. The sab- 
stitutioi] of water for ink in the inkstand had a similar 
result. He stopped, looked at his pen, wiped it on his 
coat, dipped it in the water, and began again, with the 
same effect. 

On one occasion, he began to write upon the top- 
most of ten superimposed sheets of paper. After he 
had written a line or two, this sheet was suddenly drawn 
There was a slight expression of surprise, but he 
id his letter on the second sheet exactly as if it 
sn the first. This operation was repeated five 
3 that the fifth sheet contained nothing but the 
signature at the bottom of the page. Kever^ 
when the signature was finished, his eyes turned 
top of the blank sheet, and he went through the 
reading over what he had written, a moTement 
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<>£ the lips accompanying each word ; moreover, with his 

pen, he put in such corrections as were needed, in that 

;paji; of the blank page which corresponded with the 

position of the words which required correction, in the 

sheets which had been taken awaj« If the five sheets 

liad been transparent, therefore, they wonld, when saper- 

posed, have formed a properly written and corrected 

letter. 

Immediately after he had written his letter, F 

got np, walked down to the garden, made himself a 
cigarette, lighted and smoked it. He was abont to pre- 
pare another, bat sought in vain for his tobacco-pouch, 
^which had been purposely taken away. The pouch was 
now thrust before his eyes and put under his nose, but 
he neither saw nor smelt it; but, when it was placed 
in his hand, he at once seized it, made a fresh cigar- 
ette, and ignited a match to light the latter. The match 
was blown out, and another lighted match placed dose 
before his eyes, but he made no attempt to take it; 
and, if his cigarette was lighted for him, he made no 
attempt to smoke. All this time the eyes were vacant, 
and neither winked, nor exhibited any contraction of the 
pupils. From these and other experiments. Dr. Mesnet 
draws the conclusion that his patient sees some things 
and not others; that the sense of sight is accessible to 
all things which are brought into relation with him by 
the sense of touch, and, on the contrary, insensible to 
things which lie outside this relation. He sees the match 
he holds, and does not see any other. J 



338 ANIMAL AUTOlfATISM. 

Just 60 the frog ^sees'* the book which k in the way 
of his jiunp, at the Bame time that isolated Tisiial im- 
pressions take no e£Eect upon him.* 

As I have pointed oat, it is impossible to prove tliat 

F is absolutely nnconscioos in his abnormal state, 

but it is no less impossible to prove the contrary; and 
the case of the frog goes a long way to justify the 
assumption that, in the abnormal state, the man is a 
mere insensible machine. 

If such facts as these had come under the knowl- 

* Those who have had occasion to become aoquainted wiUi the phe- 
nomena of somnambalism and of mesmerism, will be stnick with tfie doae 
parallel which they present to the proceeding of F. in his abnormal states 
But the great ralne of Dr. Mesnct's observations lies in the fact that the 
abnormal condition is traceable to a definite injury to the brain, and that 
the circamstaiioes are sndi as to keep ns dear of the doad of volimtaiy 
and inrolonury fictions in which the truth is too often smothered in such 
ca^. In the unfortunate subjects of sudi abnormal conditions of the 
qaen"l *^* *'*^'»'*>M>«e of the sensory and intellectual faculties is not unfre- 
»»ani/^t*^™'**'*^ ^^ * perturbation of the moral nature, whidi may 
fa thiH rea***^ ^ * ™^** astonifihing lore of lying for its own sake. And, 
normal at^T^ *''*^' ^''* *^*^ ^ singularly faistructire, for though, in his 
•» fa^eterate thi ^ * ^^^^^^J honest man, in bis abnormal condition he is 
^^th much dexte • **®*''°^ ^^ *"^™S ^'^ay whatever he can Uy hands on, 
P'^perty is |j|3 OTO^* ^^ ^^ "* absurd indifference as to whetiier the 
ganger " ia realised fT ^^^ Hoffman's terrible conception of the " Doppelt- 
^^^ch theyr n,^^ ^^ ^tu^^ ^^ *^" state— who live two Uves, in the one of 
**ey are emlnentlv vw! ^^ *^® ™'*' crimfaial acts, whfle, in tiie other 
^' the other. Br h^^^"" *^** '^Pe<*»ble. Ndther life knows anytiung 
^al state elaborately prenl /""l *^** ^« ^^ watched a man in his abnor- 
•*^-heru&^^^^^ ^ let him go on until 

Wshop ^h^ ''^^'Ponsibaity ia j,^^ '^^'^t of what had happened. The 

^^' What Will become^ ttr I ^'''"^^P- "»«*» ^^^^^ ^* *^« 

tae bishop ?»» aud the peasant. 
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edge of Descartes, would they not have formed an apt 
cominentaiy npon that remarkable passage in the ^ Trait6 
de THomme/' which I have qnoted elsewhere,* but 
wliich is worth repetition? — 

'^All the functions which I have attribated to this machine (the 
body), as the digestion of food, the pulsation of the heart and of the 
arteries; the nutrition and the growth of the limbs; respiration, 
wakefulness, and sleep; the reception of light, sounds, odoars, fla- 
vours, heat, and sach like qualities, in the organs of the external 
seiises ; the impression of the ideas of these in the organ of com- 
mon sensation and in the imagination ; the retention or the impres- 
sion of these ideas on the memorj ; the internal movements of the 
appetites and the passiona ; and laatlj the external movements of all 
the limbs, which follow so aptlj, as well the action of the objects 
^wMch are presented to the senses, as the impressions which meet in 
the memory, that they imitate as nearly as possible those of a real 
man ; I desire, I say, that you should consider that these functions 
in the machine naturally proceed from the mere arrangement of its 
organs, neither more nor less than do the movements of a clock, or 
other automaton, from that of its weights and its wheels; so that, 
BO far as these are concerned, it is not necessary to conceive any 
other vegetative or sensitive soul, nor any other principle of motion 
or of life, than the blood and the spirits a^tated by the fire which 
horns continually in the heart, and which is no wise essentially dif- 
ferent from all the fires which exist in inanimate bodies." 

And would Descartes not have been justified in asMng 
why we need deny that animals are machines, when 
men, in a state of unconsciousness, perform, mechanic- 
ally, actions as complicated and as seemingly rational as 
those of any animals? 

But though I do not think that Descartes' hypothesis 
can be positively refuted, I am not disposed to accept 
it The doctrine of continuity is too well established 

* *' Lay Sermons, Essays and Reviews," p. 866. I 

11 I 
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for it to be pcruuarible to "® *** ■°PP*'^__ __ 
plex natonl phenomenoa comes mto *f~^,^ifieations ; 
and without beiBg preceded by «»P*«V^*^^ p^ve 
and very strong «gnments woold ^^^ ^^^o^ 
that each complex phenomeM, » »«» ^ ^^^^^ 

nesB, first make their appearMice m man. ^^^ ^ 

that, in the individual man, oonsdouaieeB 6^^ ^^ 

dim glimmer to its full li^t, whether we con^^e 
infant advancing in years, or the adult eme^g^^^^ 
Blomber and swoon. We know, further, """V^V ^f the 
animals posaesB, though less developed, that part ^^ 

brain which we have every reason to believe to ^^^^^ 
organ of conseionsness in man; and as, in • Tit 

function and oigan are proportional, so we have a ng 
to condnde it is with the brain; and that the bra s, 
though they may not possess our intensity of conso 
ness, and though, from the absence of language, toej 
can have no trains of thoughts, but only trains of /e^I- 
ings, yet have a conseionsness which, more or leas dis- 
tinctly, foreshadows onr own. 

I confess that, in view of the straggle for existence 

which goes on in the animal world, and of the frigbt- 

fnj quantity of pain with which it most be accompanied, 

I should he g|a4 if the probabihties were in favour of 

JJeacartes' hypothesis ; but, on the other hand, consider- 

y the terrible practical consequences to domestic ani- 

^ ^^f" "'^^* *°^°^ ^«>« «°y error oix our part, it 

deTJlf th /"■ ""^ '""^ '^^^ ^^«' i* ^« err at all, a^ 
-^*h *texn as weaker brethi^n, who ar^ bound m 



ANIMAL AUTOMATISM. 241 

the rest of ns, to pay their toll for living, and suffer 
^virhat is needful for the general good. As Hartley finely 
says, ^We seem to be in the place of God to them;" 
and we may justly foUow the precedents He sets in 
nature in our dealings with them. 

But though we may see reason to disagree with Des- 
cartes' hypothesis that brutes are unconscious machines, 
it does not follow that he was wrong in regarding them 
as automata. They may be more or less conscious, sen- 
sitive, automata; and the view that they are such con- 
scious machines is that which is implicitly, or ezplidtly, 
adopted by most persons. When we speak of the ac^ 
tions of the lower animals being guided by instinct and 
not by reason, what we really mean is that, though they 
feel as we do, yet their actions are the results of their 
physical organisation. We believe, in short, that they are 
machines, one part of which (the nervous system) not 
only sets the rest in motion, and co-ordinates its move- 
ments in relation with changes in suirounding bodies, 
but is provided with special apparatus, the function of 
which is the calling into existence of those states of con- 
sciousness which are termed sensations, emotions, and 
ideas. I believe that this generally accepted view is 
the best expression of the facts at present known. 

It is experimentally demonstrable — any one who cares 
to run apininto himaelf may perform a suflScient dem- 
ODstration of the fact — ^that a mode of motion of the 
nervous system is the inmiediate antecedent of a state 
of consciousness. All but the adherents of ^' Occasion- 
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alism," or of the doctrine of ^^ Preestablished Bju^ 
monj" (if any each now exist), most admit that we 
have as much reason for regarding the mode of moti<m 
of the nervous system as the cause of the state of conr 
Bcionsness, as we have for r^jarding any event as the 
cause of another. How the one phenomenon canses the 
other we know, as mnch or as little, as in any othtf esse' 
of cansation; bnt we have as much right to believe that 
the sensation is an effect of the molecnlar change, as we 
have to believe that motion is an effect of impact ; and 
there is as mnch propriety in saying that the brain 
evolves sensation, as there is in saying that an iron rod, 
when hammered, evolves heat. 

As I have endeavoured to show, we are justified in 
supposing that something analogous to what happens in 
ourselves takes place in the brutes, and that the affeo- 
tions of their sensory nerves give rise to molecular 
changes in the brain, which again give rise to, or evolve^ 
the corresponding states of consciousness. Kor can there 
be any reasonable doubt that the emotions Of brutes, and 
such ideas as they possess, are similarly dependent npon 
molecular brain changes. Each sensory impression leaves 
behind a record in the structure of the brain — ^an ^^idea- 
genous" molecule, so to speak, which is competent, un- 
der certain conditions, to reproduce, in a fainter condi- 
tion, the state of consciousness which corresponds with 
that sensory impression; and it is these ^^ideagenous 
molecules" which are the physical basis of memory. 

It may be assumed, then, that molecular changes in 
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tSie brain are the causes of all the states of consdotiB- 
ness of brutes. Is there any eyidenoe that these states 
of consciousness may, converselj, cause those molecular 
changes which give rise to muscular motion? I see no 
such evidence. The frog walks^ hops, swims, and goes 
through his gymnastic performances quite as well with- 
out consciousness, and consequently without volition, as 
with it ; and, if a frog, in his natural state, possesses any- 
thing corresponding with what we call volition, there is 
no reason to think*' that it is anything but a concomi- ! 
tant of the molecular changes in the brain which form 
part of the series involved in the production of mo- 
tion. 

The consciousness of brutes would appear to be re- i 
lated to the mechanism of their body simply as a col- 
lateral product of its working, and to be as completely 
vnthout any power of modifying that working- as the 
steam-whistle which accompanies the work of a locomo- 
tive engine is without influence upon its machinery. 
Their volition, if they have any, is an emotion indica- 
tive of physical changes, not a cause of such changes. 

This conception of the relations of states of con- 
sciousness with molecular changes in the brain — oijpsy- 
ehasea with nev/roaes — does not prevent us from ascrib- 
ing free will to brutes. For an agent is free when 
there is nothing to prevent him from doing that which 
he desires to do. If a greyhound chases a hare, he is 
a free agent, because his action is in entire accordance 
with his strong desire to catch the hare ; while so long 
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as he 18 held back by the leash he is not free, being 
prevented by external force from following his inclina- 
tion. And the ascription of freedom to the greyhoand 
nnder the former circomstances is by no means incon- 
sistent with the other aqpect of the facts of the case 
— that he is a machine impelled to the chase, and cansed, 
at the same time, to have the desire to catch the game 
by the impression which the rays of light proceeding 
from the hare make npon his eyes, and through them 
npon his brain. 

Mndi ingenions argoment has, at irarioas times, been 
bestowed npon the question : How is it possible to im- 
agine that Tolition, which is a state of consciousness, 
and, as such, has not the slightest community of nature 
with matter in motion, can act upon the moving matter 
of which the body is composed, as it is assumed to do 
in voluntary acts? But if , as is here su^ested, the 
voluntary acts of brutes — or, in other words, the acts 
which they desire to perform — ^are as purely mechanical 
as the rest of their actions, and are simply accompanied 
by the state of consciousness called volition, the inquiry, 
so far as they are concerned, becomes superfluous. Their 
volitions do not enter into the chain of causation of their 
actions at all. 

The hypothesis that brutes are conscious automata 
is perfectly consistent with any view that may be held 
respecting the often discussed and curious question 
whether they have souls or not; and, if they have souls, 
whether those souls are immortal or not. It is obviously 
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lianDoniona with the most literal adherence to the text 
of Scripture concerning " the beast that periaheth ; " but 
it is not inconeisteut with the amiable conviction as- 
cribed hy Pope to hie " nntntored savage," that when 
he passes to the happy hmiting^roands in the sky, " his 
faithful dog shall bear him companj." If the brutes 
have consciousness and no sonls, then it is clear that, in 
them, couBcionaness is a direct function of material 
changes; while, if thej poBsesa immaterial subjects of 
conscioosneas, or souls, then, as conscionsness is brought  
into existence only as the consequeuce of molecular mo- 
tion of the bniin, it follows that it is an indirect product 
of material changes. The sonl stands related to the 
3f a clock to the works, and conscious- 
he sound which the bell gives out when 

ve strictly confined myself to the prob- 
[ proposed tQ deal at starting — the au- 
BB. The question is, I believe, a per^ 
tud I feel happy in running no risk of 
resbyterian condemnation for the views 
itured to put forward. And there are 
resting questions which one is, g* ""''- 
liink out scientifically — to go as 
stop where evidence comes to 
ly being deafened by the tattoo t 
" — that I have luxuriated in n 
dd now willingly bring this disqi 
ould hope that other people wo 
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BO farliher. Unfortunately, past ezperienoe debars me 
from entertaining any auch hope, even if 

^* . . . . . that drtim's discordant soond 
Parading ronnd and round and roond," 

were not, at present, as audible to me, as it was to the 
mild poet who ventured to express his hatred of drums 
in general, in that well-known couplet. 

It wiU be said, that I mean that the conclusions de- 
duced from the study of the brutes are applicable to 
man, and that the logical consequences of such applica- ] 
tion are fatalism, materiaUsm, and atheism— whereupon 
the drums will beat the pas de cha/rge. 

One does not do battle with drummers; but I ven- 
ture to oJSer a few remarks for the calm consideration of 
thoughtful persons, untrammelled by foregone condu- 
BionB, unpledged to shore-up tottering dogmas, and anx- 
ious only to know the true bearings of the case. 
/ It is quite true that, to the best of my judgment, the 

argumentation which applies to brutes holds equally 
good of men ; and, therefore, that all states of conscious- 
ness in us, as in them, are immediately caused by mo- 
lecular changes of the brain-substance. It seems to me 
that in men, as in brutes, there is no proof that any 
state of consciousness is the cause of change in the mo- 
tion of the matter of the organism. If these positions 
are well based, it f oUows that our mental conditions are 
simply the symbols in consciousness of the changes 
which take place automatically in the organism; and 
that, to take an extreme illustration, the feeling we call 
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Tolition is not the caase of a voltintaiy act, but the ajmr 
bol of that Btate of the bndn which is the immediate 
cause of that act. We are conscious aatomata, endowed 
with free will in the only intelligible sense of that mnch- 
abnsed term — inasmuch as in many respects we are able 
to do as we like— -bat none the less parts of the great 
series of canses and effects which, in unbroken continuity, 
composes that which is, and has been, and shall be — the 
sum of existence. ^ 

As to the logical consequences of this conviction of 
mine, I may be permitted to remark that logical con- \ 
sequences are the scarecrows of fools and the beacons of 
wise men. The only question which any wise man can 
ask himself, and which any honest man will ask himself, 
is whether a doctrine is true or false. Consequences 
will take care of themselires ; at most their importance 
can only justify us in testing with extra care the reason- 
ing process from which they result. 

So that if the view I have taken did really and logic- 
ally lead to fatalism, materialism, and atheism, I should 
profess myself a fatalist, materialist, and atheist; and 
I should look upon those who, while they believed in 
my honesty of purpose and intellectnal competency, 
should raise a hue and cry against me, as people who 
by their own admission preferred lying to truth, and 
whose opinions therefore were unworthy of the smallest 
attention. 

But, as I have endeavoured to explain on other occa- 
rions, I really have no claim to rank myself among fatal- 
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whole school of occasionalist Carteeians held this view ; 
the orthodox Leibnitz invented the term ^^ automate 
Bpiritnel," and applied it to man ; the fervent Christian, 
Sartley, was one of the chief advocates and best exposi- 
tors of the doctrine ; while another zealons apologist of 
Christianity in a sceptical age, and a contemporary of 
Hartley, Charles Bonnet, the Genevese naturalist, has 
embodied the doctrine in langnage of snch precision and 
simplicity, that I will quote the little-known passage of 
his *• Essai de Psychologic '^ at length : — 

"Ajtotheb Hypothesis oongebiono the Mxohanism of Ideas.* 

*^ Pbilosophers accastomed to jadge of things bj that which thej 
are in themselyes, and not by their relation to received ideas, would 
not be shocked if they met with the proposition that the sool is a 
mere spectator of the movements of its bodj : that the latter per- 
forms of itself all that series of actions which constitates life : that 
it moves of itself: that it is the body alone which reproduces ideas, 
compares and arranges them ; which forms reasonings, imagines and 
executes plans of all kinds, etc This hypothesis, though perhaps 
of an excessive boldness, nevertheless deserves some consideration. 

'' It 18 not to be denied that Supreme Power could create an au- 
tomaton which should exactly imitate all the external and internal 
actions of man. 

*' I nnderstaud by external actions, all those movements which 
pass under our eyes; I term internal actions, all the motions 
which in the natural state cannot be observed because they take 
place in the interior of the body — such as the movements of diges- 
tion, circulation, sensation, etc. Moreover, I include in this cate- 
gory the movements which give rise to ideas, whatever be their 
nature. 

" In the automaton which we are considering everything would 
be precisely determined. Everything would occur according to the 
rules of the most admirable mechanism : one state would succeed 

* ^* Essai de Psychologie," chap, xxvii 
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•nolber .late, one opemtiaii woiAii ^^t^Zs^^^^ 
cording to inyariable laws ; motion would Wme i^^ ^^ ^^ 
and effect, effect and oaoae ; reaction would anawer 
reprodaotion to prodaotion. -tlintv of i^ie bein®* 

** Oonatruoted with definite relationft to ^\^ ^re impwaw* 
which compote the world, the antomston would ^' ^^^^ . 
from it, and, in faithful oorreapondenoe thereto, it wo 
oorreeponding aeriee of motions. , , ^^j^ equally 

" Indifferent towarda any detertaination, it wouj / ^^ ^^ 
to all, if the first impreanons did not, ao to epesk, win 
ohine and decide its operations and ita coarse. execute 

" The series of moyements which thJa automaton cou^^ ^^^ 
would distinguish it from all others formed on ^^ ^^nld 

hut which, not having been phM)ed in similiu- ^^^'IJ^'^Vhare ex- 
not have experienced the same impressions, or wonla 
perienced them in the same order. objects pr^ 

"The senses of the automaton, set in motion by ^^J^^^^ the 
sented to it, would communicate their motion to tne ^ ^^^^ 
chief motor apparatus of the machine. This woaW pni ^^^ 
the muscles of the hands and feet, in virtue of their ^^^ ^^ 
tlon with the senses. These muscles, alternately oontrac ^^ 
filiated, would approximate or remove the automaton *^^"*^ ^, 
J^ots, in the relation which they would bear to the oonservaii 
the destruction ot the machine. ^ ^^j^ts 

**The motions of perception and sensation which ^^ ?,^^ 
'^ouJd have impressed on the brain, would be preserved in « ^J 
fneiigy of its mechanism. They would beoome more ^^^.*^??jl 
'og to the actual condition of the automaton, considered m iweo. 

il^^^^^y to the objects. 
Words beingr only the motions impressed on the organ of hear- 
'ngand that of voice, the diversity of these mov-ements, their oom- 
^luation, the order in which they wonld succeed one another, woaJd 
©present Judgments, reasoning, and all the operations of the inin"- 
lj -^ close correspondence between the organs of the senses, either 
bv • ^P^^iug into one another of their nervous ramifications, or 
the^^^^^ springs (re$9orU\ would establish such a connection in 
on ^^ ^^^^0^9 that, on the occasion of the movements impressed 
heoo**^ ^^ these or^raus, other movements wonld be excited, or ironJd 
*^- ^^re vivid in some of the other senses. 

^^e the automaton a soul which contemplates its movementRi 
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believes itself to be the author of them, which has different 
volitions on tbe ocoasion of the different moYements, and jon will 
on this hypothesis oonstmct a man. 

** Bat would this man be free? Can the feeling of onr liberty, 
this feeling which is so dear and so distinct and so vivid as to per- 
suade US that we are the authors of our actions, be conciliated with 
this hypothecs t If it removes the difficoltj which attends the con- 
ception of the action of the sonl on the body, on the other hand it 
leaves xoitonohed that which meets ns in endeavouring to conceive 
the action of the body on the soul.'' 

But if Leibnitz, Jonathan Edwards, and Hartley — 
men who rank among the giants of the world of thought 
— could see no antagonism between the doctrine nnder 
discnficdoii and Christian orthodoxy, is it not just possible 
that smaller folk may be wrong in making such a coil 
about '^logical consequences " } And seeing how large 
a fihare of this clamour is raised by the clergy of one 
denomination or another, may I say, in conclusion, that 
it really would be well if ecclesiastical persons would 
reflect that ordination, whateirer deep-seated graces it 
may confer, has never been observed to be followed by 
any visible increase hi the learning or the logic of its 
subject. Making a man a Bishop, or entrusting him 
with the office of ministeriug to even the largest of 
Presbyterian congregations, or setting him up to lecture 
to a Church congress, really does not in the smallest de- 
gree augment such title to respect as his opinions may 
intrinsically possess. And, when such a man presumes 
on an authority which was conferred upon him for other 
purposes, to sit in judgment upon matters his incompe- 
tence to deal with which is patent, it is permissible to 
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X. 

ON SEKSATION AND THE VKLTT OF 
STllXTOTXJIiE OF SENSIFEROUS ORGANS. 

Thb maxim that metaplijeical inquiries are barren 
of result, and that the serions occupation of the mind 
with them is a mere waste of time and labour, finds 
much favour in the eyes of the many persons who 
pride themselves on the possession of sound common 
sense ; and we sometimes hear it enunciated by weighty 
authorities, as if its natural consequence, the suppression 
of such studies, had the force of a moral obligation. 

In this case, however, as in some others, those who 
lay down the law seem to forget that a wise legislator 
will consider, not merely whether his proposed enact- 
ment is desirable, but whether obedience to it is possible. 
For, if the latter question is answered negatively, the 
former is surely hardly worth debate. 

Here, in fact, lies the pith of the reply to those 

who would make metaphysics contraband of intellect* 

^^ether it is desirable to place a prohibitory duty upon 

ohical speculations or not, it is utterly imposr 

prevent the importation of them into the mind. 

> is not a little curious to observe that those who 



i 
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most loudly profess to abstain from such commodities 
are, all the while, unconscious consumers, on a great 
scale, of one or other of their multitudinous disguises 
or adulterations. With mouths full of the particular 
kind of heavily buttered toast which they affect, they 
inveigh against the eating of plain bread. In truth, the 
attempt to nourish the human intellect upon a diet 
which contains no metaphysics is about as hopeful as 
that of certain Eastern sages to nourish their bodies 
without destroying life. Everybody has heard the story 
of the pitiless microscopist, who ruined the peace of 
mind of one of these mild enthusiasts by showing him 
the animals moving in a drop of the water with which, 
in the innocency of his heart, he slaked his thirst ; and 
the unsuspecting devotee of plain common sense may 
look for as unexpected a shock when the magnifier of 
severe logic reveals the germs, if not the full-grown 
shapes, of lively metaphysical postulates rampant amidst 
his most positive and matter-of-fact notions. 

By way of escape from the metaphysical Will-o'- 
the-wisps generated in the marshes of literature and 
theology, the serious student is sometimes bidden to 
betake himself to the solid ground of physical science. 
But the fish of inmiortal memory, who threw himself 
out of the frying-pan into the fire, was not more ill 
advised than the man who seeks sanctuary from philo- 
sophical persecution within the walls of the observatory 
or of the laboratory. It is said that ^^ metaphysics " owe 
their name to the fact that, in Aristotle's works, qusth 
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*fte»- *», '"'* pliilosophy are dealt with immediately 

ayinhnT^^ '^ phyMoa. If bo, the aecident is happily 

f>ii v*rf ' **f the eesential relationB of things ; for meta- 

'■ber* ^P®calation follows as closely upon physical 

^^ oUck cap© upon the horaeman. 



^eed but mentioQ such fundamental, and : 



ptiAv ^^P®"6able, conceptions of the natural philoso- 
(5q_ ^ wiOBe of atoms and forces : or that of attraction 

enoy~_~^^ ** action at a distance ; or that of potential 
*** ca.li * ***" ^^ antinomies of a vacnnm and a plennm ; 
aini tiK ''"nd the metaphysical background of physics 
**®e in ^^^/^ ' while, in the biological sciencee, the 
at is an individnal among the 
list Are genera and species 
Is diere sach a thing aa Yital 
le denote a mere rdic of meta- 
I the doctrine of final canaea 
a! These are a few of the 
eh are snj^gested by the most 
•]<^cal facts. Bnt, more than 
that the roots of every system 
mong the facts of physiology. 
; the organs and the functions 
Jh a part of the province of 
the oi^ana and functions of 
tion ; and yet it is imposaible 
witU even the radimonta of 
« without being led straight 
tia-naentiO. oi aU metapbywcal 



256 8EH8ATIOK ASD THE SENBIFEB0U8 OBGAKa 

problems. In f act^ the sensoiy operations have been, 
from time immemorial, tiie battie^romid of phflofiophers. 
I have more tiian once taken occasion to point out 
that we are indebted to Descartes, who happened to be a 
physiologist as well as a philosopher, for the first distinct 
enuuciation of the essential elements of the tme theory 
of s^isation. In later times, it is not to the works of the 
philosophers, if Hartley and James Mill are excepted, 
bnt to those of the physiologists, that we mnst torn for 
an adequate account of the sensoiy process. HaUer^s 
laminoos, thoagh snmmaiy, account of sensation in his 
admirable ^^ Prims LinesB," the first edition of which 
was printed in 1747, offers a striking contrast to the 
prolixity and confusion of thought which pervade Beid's 
"Inquiry," of seventeen years' later date.* Even Sir 
William Hamilton, learned historian and acute critic as 
he was, not only failed to apprehend the philosophical 
bearing of long-established physiological truths ; but, 
when he affirmed that there is no reason to deny that the 
mind feels at the finger points, and none to assert that 
the brain is the sole organ of thought,! ^^ showed that 

* In justice to Reid, however, it should be stated that the chapters on 
sensation in the ^ Essays on the Intellectual Powers " (1786) exhibit a great 
improvement He is, in fact, in advance of his commentator, as the note 
to Essay IL ohap. ii. p. 248 of Hamilton's edition shows. 

f Haller, amplifying Descartes, writes in the ** Frimse Linen," ooclzyi. 
— *' Kon est adeo obscnmm sensnm omnem oriri ab objecti sensibilis im- 
pressione in nemim quemcumque corporis humaid, et eamdem per earn 
nervom ad oerebram perrenientem tunc demum representari animaa, qnando 
cerebrum adtigit. Ut etiam hoc falsum sit animam inprozimo per sensoria 
nervorumque ramos sentire." . . . dltzi. — ^''Dum ergo sentimns quinquo 
diversissima entia conjunguntur: corpus quod sentimns: oigani sensorii 
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lie had not apprehended the significance of the i^voln- 
tion commenced, two hundred years before his time, by 
Descartes, and effectively followed np by Haller, Hart- 
ley, and Bonnet, in the middle of the last century. 

In truth, the theory of sensation, except in one point, 
is, at the present moment, very much where Hartley, led 
by a hint of Sir Isaac !Newton's, left it, when, a hundred 
and twenty years since, the ^^ Observations on Man : his 
Frame, his Duty, and his Expectations," was laid before 
the world. The whole matter is put in a nutshell in the 
following passages of this notable book. 

*' External objects impressed upon the senses occasion, first on 
the nerves on which they are impressed, and then on the brain, 
vibrations of the small and, as we may saj, infinitesimal medullary 
particles. ' 

*' These vibrations are motions backwards and forwards of the 
small particles; of the same kind with the oscillations of pendnlams 
and the tremblings of the particles of sounding bodies. They mnst 
be conceived to be exceedingly short and small, so as not to have 
the least efficacy to disturb or move the whole bodies of the nerves 
or brain." * 

" The white medullary substance of the brain is also the imme- 
diate instrument by which ideas are presented to the mind ; or, in 
other words, whatever changes are made in this substance, corre- 
sponding changes are made in our ideas ; and viee venaJ^ t 

adfeeCfo ab eo corpore: cerebri adfectio a sensorii percusdone nata: in 
anima nata mutatio : aninm denique consdentia et aensationiB adperoeptio." 
Kereriheleas, Sir William Hamilton gravely informs hia hearers : — ** We 
have no more right to deny that the mind feels at the finger points, as con- 
sdouniess assures us, than to assert that it thinks exdnsiTeljr in the brain." 
—''Lecture on Hetaphyaics and Logic," ii. p. 128. " We have no reason 
whateyer to doabi the report of oonscionsness, that we actaally percdve at 
the external point of sensation, and that we perodye the material reality." 
— JMi p. 129. » " Obseryations on Man," yol. i. p. 11. 

f IbkL p. 8. The speculations of Bonnet are remarkably similar to 
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Hartley, like Haller, had no eonception of the nature 
and functions of the grey matter of the brain. Bat, if 
for ^^ white mednllary snbstance/' in the latter paragraph, 
we Bubfititate ^^ grey cellular snbetanoe," Hartley's propo- 
sitions embody the most probable conclnsions which are 
to bQ drawn from the latest investigations of physiolo- 
gists. In order to judge how completely this is the case, 
it will be well to study some simple case of sensation, 
and, following the example of Beid and of James Mill, 
we may begin with the sense of smell. Suppose that I 
become aware of a musky scent, to which the name of 
^^ muskiness " may be given. I call this an odour, and I 
class it along with the feelings of light, colours, sounds, 
tastes, and the like, among those phenomena which are 
known as sensations. To say that I am aware of this 
phenomenon, or that I have it, or that it exists, are 
simply different modes of affirming the same facts. If I 
am asked how I know that it exists, I can only reply that 
its existence and my knowledge of it are one and the 
same thing ; in short, that my knowledge is immediate 
or intuitive, and, as such, is possessed of the highest con- 
ceivable degree of certainty. 

The pure sensation of muskiness is almost sure to be 
followed by a mental state which is not a sensation, but a 
belief, that there is somewhere close at hand a something 
on which the existence of the sensation depends. It may 

those of Hartley ; and they appear to have originated independ^tly, though 
the '^Essai de Psyohologie" (1^64) is of five years' later date than the 
** Observations on Man" (1^49). 
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be a mufik-deer, or a musk-rat, or a muBk-plant, or a grain 
of dry musk, or simply a scented handkerchief; but 
former experience leads us to believe that the sensation 
is due to the presence of one or other of these objects, 
and that it will vanish if the object is removed. In' 
otlier words, there arises a belief in an external cause of 
the muskiness, which, in common language, is termed an 
odorous body. 

Sut the manner in which this belief is usually put 
into words is strangely misleading. If we are dealing 
with a musk-plant, for example, we do not confine our- 
selves to a simple statement of that which we believe, 
and say that the musk-plant is the cause of the sensation 
called muskiness; but we say that the plant has a musky 
smell, and we speak of the odour as a quality, or prop- 
erty, inherent in the plant. And the inevitable reaction 
of words upon thought has in this case become so com- 
plete, and has penetrated so deeply, that when an ac- 
curate statement of the case — ^namely, that muskiness, 
inasmuch as the term denotes nothing but a sensation, is 
a mental state, and has no existence except as a mental 
phenomenon — ^is first brought under the notice of com- 
mon-sense folks, it is usually regarded by them as what 
they are pleased to call a mere metaphysical paradox and 
a patent example of useless subtlety. Yet the slightest 
reflection must suffice to convince any one possessed of 
~.d reasoning faculties, that it is as absurd to suppose 
muskiness is a quality inherent in one plant, as it 
Id be to imagine that pain is a quality inherent in 
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Batdons are caused by odorous bodies ; and we may pass 
on to the next step of the inquiry — ^namely, how the 
odorous body produces the effect attributed to it. 

The first point to be noted here is another fact re- 
vealed by experience ; that the appearance of the sensa- 
tion is governed, not only by the presence of the odorous 
Bubetance, but by the condition of a certain part of our 
corporeal structure, the nose. If the nostrils are dosed, 
the presence of the odorous substance does not give rise 
to the sensation ; while, when they are open, the sensa- 
tion is intensified by the approximation of the odorous 
substance to them, and by snuffing up the adjacent air in 
such a manner as to draw it into the nose. On the other 
hand, looking at an odorous substance, or rubbing it on 
the skin, or holding it to the ear, does not awaken the 
sensation. Thus, it can be readily established by experi- 
ment that the perviousness of the nasal passages is, in 
some way, essential to the sensory function ; in fact, that 
the organ of that function is lodged somewhere in the 
nasal passages. And, since odorous bodies give rise to 
their effects at considerable distances,, the suggestion is 
obvious that something must pass from them into the 
sense organ. Whafc is this ^^ something," which plays 
the part of an intermediary between the odorous body 
and the sensory organ f 

The oldest speculation about the matter dates back 
to Bemoeritus and the Epicurean School, and it is to be 
found fully stated in the fourth book of Lucretius. It 
Qomes to this : that the surfaces of bodies are constantly 
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throwing off esiceaAwdj atteDUted jBlms of their own 
sabstanoe : and that these fikos, reaching the mind, ex* 
cite the appropriate aomtions in it. 

Aristotle did not admit the existence of anj such 
material films, bnt conceived that it was the form of the 
sabstance, and not its matter, which affected sense, as a 
seal impresses wax, without loong anything in the pro- 
cess. While man J, if not the majority, of the School- 
men took up an intermediate position and supposed that 
a something, whidi was not exactly either material or 
immaterial, and which they called an ^ intentional spe- 
cies," effected the needful communication between the 
bodily cause of sensation and the mind. 

But an these notions, whatever may be said for or 
against them in general, are fundamentally defective, by 
reason of an oversight which was inevitable, in the state 
of knowledge at the time in which they were promul* 
gated. What the older philosophers did not know, and 
could not know, before the anatomist and the physiolo- 
gist had done their work, is that, between the external 
object and that mind in which they supposed the sensa- 
tion to inhere, there lies a physical obstacle. The sense 
organ is not a mere passage by which the ^^ tennia simu- 
lacra rerum," or the ^^intentional species" cast off by 
objects, or the ^^ forms " of sensible things, pass straight 
to the mind ; on the contrary, it stands as a firm and 
impervious barrier, through which no material particle 
of the world without can make its way to the world 
within. 
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Let ns consider the oKactory sense organ more near- 
ly. Each of the nostrils leads into a passage completelj 
separated from the other by a partition, and these two 
passages place the nostrils in free communication with 
the back of the throat, so that they freely transmit the 
air passing to the lungs when the mouth is shut, as in 
ordinary breathing. The floor of each passage is flat, 
but its roof is a high arch, the crown of which is seated 
between the orbital cavities of the skull, which serve for 
the lodgment and protection of the eyes ; and it there- 
fore lies behind the apparent limits of that feature 
which, in ordinary language, is called the nose. From 
the side walls of the upper and back part of these arched 
chambers, certain delicate plates of bone project, and 
these, as well as a considerable part of the partition be- 
tween the two chambers, are covered by a fine, soft, 
moist membrane. It is to this '^ Schneiderian," or olfac- 
tory, membrane that odorous bodies must obtain direct 
access, if they are to give rise to their appropriate sensa- 
tions ; and it is upon the relatively large surface, which 
the olfactory membrane offers, that we must seek for 
the seat of the organ of the olfactory sense. The only 
essential part of that organ consists of a multitude of 
minute rod-like bodies, set perpendicularly to the surface 
of the membrane, and forming a part of the cellular 
coat, or epithelium, which covers the olfactory mem* 
brane, as the epidermis covers the skin, Jn the case 
of the olfactory sense, there can be nq doubt that the 

Democritic hypothesis, at any rate for such odorous sub- 
la 
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ThiiB, modem investigation snpplies a representative 
of the Epicnrean simulacra in the volatile particles of the 
mnsk; but it also gives ns the stamp of the particles on 
the olfactory epithelium, without any transmission of 
matter, as the equivalent of the Aristotelian ^'form;'' 
iMrhile, finall j, the modes of motion of the molecules of 
the olfactory cells, of the nerve, and of the cerebral 
sensorium, which are Hartley's vibrations, may stand 
very well for a double of the ^^intentional species^' of 
the Schoolmen. Ajid this last remark is not intended 
merely to suggest a fanciful parallel ; for, if the cause of 
the sensation is, as analogy suggests, to be sought in the 
mode of motion of the object of sense, then it is quite 
possible that the particular mode of motion of the 
object is reproduced in the sensorium; exactly as the 
diaphragm of a telephone reproduces the mode of motion 
taken up at its receiving end. In other words, the 
secondary ^^ intentional species " may be, as the School- 
men thought the primary one was, the last link between 
matter and mind. 

Kone the less, however, does it remain true that no 
similarity exists, nor indeed is conceivable, between the 
cause of the sensation and the sensation. Attend as 
closely to the sensations of muskiness, or any other 
odour, as we will, no trace of extension, resistance, or 
motion is discernible in them. They have no attribute 
in common with those which we ascribe to matter ; they 
are, in the strictest sense of the words, immaterial entities. 

Thus, the most elementary study of sensation justi- 
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fhe nerve fibre; while this last change is also only a 
mediate cause of sensation, depending, as it does, upon 
the change which it excites in the sensoriom. 

The sense organ, the nerve, and the sensorinm, taken 
together, constitute the sensiferous apparatus. Thej 
make np the thickness of the wall between the mind, 
as represented bj the sensation ^^ mnskiness," and the 
object, as represented bj the particle of mnsk in contact 
with the olfactory epithelium. 

It will be observed that the sensiferous wall and the 
external world are of the same nature; whatever it is 
that constitutes them both is expressible in terms of 
matter and motion. Whatever changes take place in the 
sensiferous apparatus are continuous with, and similar to, 
those which take place in the external world.* But, 

* The following diagnumnadc acfaeme may help to elucidate the theory 

of sensation : 

IMiate Knowledge 
* , * . ^ Immediate 

SeneUaioaB Apperntae Knowledge 



>^u. 



Objects of Sense 



Hypothetieal 
Babstanee of 
Matter 



Keceptiye TransmisalTe SenBtfleatory 
(Sense Oigan) (ISTerre) (Senaorinm) 



Sensations snd 
other States of 
Consetoosness 

Hjpotbetioiil 
Babstanee of 
Mind 



Physloal World 



Mental World 



^%M 



Hot Self 



""■V   

Self 



Non-Ego or Object 



Ego or Subject 



Immediate knowledge is ooniined to states of oonsdonsness, or, in other 
da, to the phenomena of mind. Knowledge of the phjsieal world, or 
one^B own body and of objects external to it, to a system of beliefs or 
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with the sensorinm, matter and motion come to an end ; 
while phenomena of another order, or immaterial atates 
of conscionsDess, make their appearance. How is the 
relation between the material and the immaterial phe- 
nomena to be conceived f This is the metaphysical prob- 
lem of problems, and the solutions which have been 
suggested have been made the comer-stones of systems 
of philosophy. Three mntaally irreconcilable readings 
of the riddle have been offered. 

The first is, that an immaterial substance of mind 
exists; and that it is affected by the mode of motion 
of the sensorium in such a way as to give rise to the 
sensation. 

The second is, that the sensation is a direct effect of 
the mode of motion of the sensorium, brought about 
without the intervention of any substance of mind. 

The third is, that the sensation is neither directly 
nor indirectly an effect of the mode of motion of the 
sensorium, but that it has an independent cause. Prop- 
erly speaking, therefore, it is not an effect of the motion 
of the sensorium, but a concomitant of it. 

As none of these hypotheses is capable of even an 
approximation to demonstration, it is almost needless to 
remark that they have been severally held with tenacity 
and advocated with passion. I do not think it can be 

judgments based on the sensations. The term '* self" is applied not only 
to the series of mental phenomena which constitute the ego, but to the 
fragment of the physical world which is their constant concomitant The 
corporeal self, therefore, is part of the non-ego ; and is objectiTe in rela- 
tion tp the ego as subject. 
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said of any of the three that it is inconceivable, or that 
it can be aesamed on d priori grounds to be impossi- 
ble. 

Consider the first, for example ; an immaterial sub- 
stance is perfectly conceiyable. In fact, it is obvious'^ 
that, if we possessed no sensations bnt those of smell 
and hearing, we should be unable to conceive a material 
substance. We might have a conception of time, but 
could have none of extension, or of resistance or of mo- 
tion. And without the three latter conceptions no idea 
of matter could be formed. Our whole knowledge would 
be limited to that of a shifting succession of immaterial 
phenomena. Sut, if an immaterial substance may exist, 
it may have any conceivable properties; and sensation 
may be one of them. All these propositions may be 
affirmed with complete dialectic safety, inasmuch as they 
cannot possibly be disproved ; but neither can a particle 
of demonstrative evidence be offered in favour of the 
existence of an immaterial substance. 

As regards the second hypothesis, it certainly is not 
inconceivable, and therefore it may be true, that sensa- 
tion is the direct effect of certain kinds of bodily motion. 
It is just as easy to suppose this as to suppose, on the 
former hypothesis, that bodily motion affects an imma- 
terial substance. Sut neither is it susceptible of proof. 

And, as to the third hypothesis, since the logic of 
induction is in no case competent to prove that events 
apparently standing in the relation of cause and effect 
may not both be effects of a common cause — ^that also is 
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as safe from refutation, if as incapable of demonstration, 
as the other two. 

In my own opinion, neither of these speculations can 
be regarded serionsly as anything but a more or less 
convenient working hypothesis. But, if I must diooee 
among them, I take the ^^law of parcimony" for my 
guide, and select the simplest — ^namely, that the sensa- 
tion is the direct effect of the mode of motion of the 
sensorium. It may justly be said that this is not the 
slightest explanation of sensation ; but then am I really 
any the wiser, if I say that a sensation is an activily 
(of which I know nothing) of a substance of mind (of 
which also I know nothing) i Or, if I say that the Deity 
causes the sensation to arise in my mind immediately 
after He has caused the particles of the sensorium to 
move in a certain way, is anything gained ? In truth, a 
sensation, as we have already seen, is an intuition — a 
part of immediate knowledge. As such, it is an ulti- 
mate fact and inexplicable ; and all that we can hope to 
^nd out about it, and that indeed is worth finHing out, 
^8 Its relation to other natural facts. That relation ap- 
pears to me to be sufficiently expressed, for all practical 
P^irposes, by saying that sensation is the invariable con- 
®9^ent of certain changes in the sensorium— or, in other 
^h that, so far as we know, the change in the sen- 
^^ ^'s the cause of the sensation. 



Hqj^2 ■'^^^'^^* myself to imagine that the untutored, if 
into ^ ^^® of " common sense " who has been misled 

S thus far by the hope of getting positive 
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solid information about eenfiation, giving way to not im« 

natural irritation, may here interpellate: ^^The npshot 

of all this long disquisition is that we are profoundly 

ignorant. We knew that to begin with, and you have 

merely furnished another example of the emptiness and 

uselessness of metaphysics." But I venture to reply, 

Pardon me, you were ignorant, but you did not know it. 

On the contrary, you thought you knew a great deal, 

and were quite satisfied with the particularly absurd 

metaphysical notions which you were pleased to call 

the teachings of common sense. You thought that your 

sensations were properties of external things, and had 

an existence outside of yourself. You thought that you 

knew more about material than you do about immaterial 

existences. And if , as a wise man has assured us, the 

knowledge of what we don't know is the next best thing 

to the knowledge of what we do know, this brief ex^ 

cursion into the province of philosophy has been highly 

profitable. 

Of an the dangerous mental habits, that which 
schoolboys call ^^ cocksureness " is probably the most 
perilous ; and the inestimable value of metaphysical dis- 
cipline is that it furnishes an effectual counterpoise to 
this evil proclivity. Whoso has mastered the elements 
of philosophy knows that the attribute of unquestionable 
certainty appertains only to the existence of a state of 
consciousness so long as it exists; all other beliefs are 
mere probabilities of a higher or lower order. Sound 
metaphysic is an amulet which renders its possessor proof 
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alike against the pcMBon of saperstition and the oonnter- 
' poison of nihilism ; bj showing that the aflbmations of 
the former and the dmials of the hitter alike deal with 
matters abont whieh, for lack of evidence, nothing can 
be either aflSrmed or denied. 

I have dwelt at length npon the nature and origin 
of oar sensations of smell, on acoonnt of the companir 
tive freedom of the olfactoiy sense from the oomplica- 
tions which are met with in most of the other senses. 

Sensations of taste, however, are generated in almost 
as simple a fashion as those of smeU. In this case, the 
sense organ is the epithelium which covers the tongae 
and the palate : and which sometimes, becoming modi- 
fied, gives rise to pecniiar organs termed ^^gnstatoiy 
bulbs," in which the epithelial cells elongate and as- 
sume a somewhat rod-like form. Nerve fibres connect 
the eensoiy organ with the sensorinm, and tastes or fia- 
vonrs are states of conscionsness caused by the change 
of molecular state of the latter. In the case of Hie sense 
of touch there is often no sense organ distinct from the 
general epidermis. But many fishes and amphibia ex- 
hibit local modifications of the epidermic cells which are 
sometimes extraordinarily like the gustatory bulbs ; more 
commonly, both in lower and higher animals, the effect 
of the contact of external bodies is intensified by the 
development of hair-like filaments, or of true hairs, the 
bases of which are in immediate relation with the ends 
of the sensory nerves. Every one must have noticed the 
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S^^ \>Ot\*^^^^ ^^ *^® sensations prodnced by the con- 
W* ^ 44 ^ 'v^rith the ends of the hairs of the head ; 

atxA * .> ^ters" of cats owe their functional impor- 

to tix^ ^ 

^^ • li tv ^^^^^^^* supply of nerves to the follicles 
in vrT3>^ ^^ ^^ir i[)ases are lodged. What part, if any, the 
BO^^^. ,^^*ile corpuscles," "end bulbs," and "Pacini- 
an ^ Pl^y in the mechanism of touch is unknown. 
j^ iix^J ^ sense organs, they are exceptional in charac- 
t^xy ^^ ^ar as they do not appear to be modifications 
of p^ ^^ fj^ ^^^is. Nothing is known respecting the or- 
g^jj^ ^ ^^ fieiisations of resistance which are grouped 
Qjj J ^^ of the muscular sense ; nor of the sen- 
gjj^^.. (^ "^^Ttnth and cold; nor of that very singular 
6eJ^^ ^ P^^hich we call tickling. 

Msalio/^^ case of heat and cold, the organism not only 
in irf ^'^^^cted by external bodies, far more remote 
becomes ^ ^f^ich aflEect the sense of smell; but the 
^ ylOSe ^^^othesis is obviously no longer permissi- 
T)emO^^^^^ "th^ direct rays of the sun fall upon the 
ble. "^^^^ ^M^^ ^^ teat is certainly not caused by 
skin? ^^ ^^^\^^" thrown off from that luminary, but 
u 2L\Xe^^^^ Q^e of motion which is transmitted to us. 

jg due *^ * . phrase, it is the form without the mat- 
In A^^^^^ ^ ^hich stamps the sense organ ; and this, 
ter ^^ ^^ . X luodem language, means nearly the same 
Ijj^nslated 1^ vibrations. Thus we are prepared for 

tbit^g ^^ B^^ ^ ^^ ^jgg^ Qf the auditory and the visual 
i^vhat h^PP^^ 'tber tlie ear, nor the eye, receives any- 
senses. ^^^ \rnP^^^ ^^ vibrations originated by sonor- 
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ouB or Inminous bodies. Nevertheless, the receptive ap- 
paratus still consists of nothing but spedallj modi&ed 
epithelial cells. In the labyrinth of the ear of the 
higher animals, the £ree ends of these cells terminate 
ui excessively delicate hair-like filaments ; while, in the 
lower forms of auditory organ, its free surface is beset 
with delicate hairs like those of the surface of the body, 
and the transmissive nerves are connected with the bases 
of these hairs. Thus there is an insensible gradation in 
the forms of the receptive apparatus, from the organ of 
touch, on the one hand, to those of taste and smell; and, 
on the other hand, to that of hearing. Even in the case 
of the most refined of all the sense organs, that of vision, 
the receptive apparatus departs but little from the gen- 
eral type. The only essential constituent of the visual 
sense organ is the retina, which forms so smaU a part 
of the eyes of the higher animals ; and the simplest eyes 
are nothing but portions of the integument, in which 
the cells of the epidermis have become converted into 
glassy, rod-like retinal corpuscles. The outer ends of 
these are turned towards the light ; their sides are more 
or less extensively coated with a dark pigment, and their 
inner ends are connected with the transmissive nerve 
fibres. The light, impingmg on these visual rods, pro- 
duces a change in them which is <^mmunicated to the 
nerve fibres, and, being transmitted to the sensorium, 
gives rise to the sensation — ^if indeed all animals which 
possess eyes are endowed with what we understand as 
sensation. 
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In the higher animals, a complicated apparatus of 
lenses, axranged on the principle of a camera obscnra, 
serves at once to concentrate and to individnalise the 
pencils of light proceeding from external bodies. But 
the essential part of the organ of yision is still a layer 
of cells, "which have the form of rods with truncated or 
conical ends. By what seems a strange anomaly, how- 
ever, the glassy ends of these are tamed not towards, 
but a^way from, the light ; and the latter has to traverse 
the layer of nervons tissues with which their outer ends 
are connected, before it can affect them. Moreover, the 
rods and cones of the vertebrate retina are so deeply 
seated, and in many respects so peculiar in character, 
that it appears impossible, at first sight, that they can 
have anything to do with that epidermis of which gus- 
tatory and tactile, and at any rate the lower forms of 
anditory and visual, organs are obvious modifications. 

Whatever be the apparent diversities among the sen- 
siferotts apparatuses, however, they share certain com- 
mon characters. Each consists of a receptive, a trans- 
missive, and a sensificatory portion. The essential part 
of the filrst is an epithelium, of the second, nerve fibres, 
of the third, a part of the brain ; the sensation is always 
the consequence of the mode of motion excited in the 
receptive, and sent along the transmissive, to the sen- 
sificatory part of the sensif erous apparatus. And, in all 
the senses, there is no likeness whatever between the 
object of sense, which is matter in motion, and the sen- 
sation, which is an immaterial phenomenon. 
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orbits in adult human beings. But, if we trace back 
tJie nasal chambers to their origin in the embryo, we 
find, that, to begin with, they are mere depressions of 
the skin of the fore part of the head, lined by a con- 
tinuation of the general epidermis. These depressions 
l>ecome pits, and the pits, by the growth of the adjacent 
parts, gradually acquire the position which they finally 
^ccupy. The olfactory organ, therefore, is a specially 
^^dified part of the general integument. 

The human ear would seem to present greater dif- 

5^^^i®8. For the essential part of the sense organ, in 

thjg ^^^^^9 is the membranous labyrinth, a bag of com- 

Pi'ca^^^ ^orm, which lies buried in the depths of the 

^oor (^ ^^ skull, and is surrounded by dense and solid 

bon Here, however, recourse to the study of devel- 

yi^eadily unravels the mystery. Shortly after the 

opment ^^ ^^^ olfactory organ appears, as a depression 

time ^^^^^ on the side of the fore part of the head, 

. r^^^ organ appears as a similar depression on 

the au '^^ back part. The depression, rapidly deep- 

the Bide o ^^ a small pouch ; and then, the commu- 

®^^' .^ ^lie exterior becoming shut off, the pouch 

^^^^''^^^^^^^to a closed bag, the epithelial lining of 

^ TT -g a pari; of the general epidermis segregated from 

^ . rrT,g adliacent tissues, changing first into cax- 
fhe TC8U **^ "^ , -I a. 

. d then iH^o bone, enclose the auditory sac m a 

^^^® inwhicsb it undergoes its further metamor- 

. while the ctrum, the ear bones, and the exter- 
' are 6ttperad(r:^d by no less extraordinary modi- 
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tne nioBt wonderful reyelations of embryology is the 
proof of the fact that the brain itself is, at its fiist 
beginning, merely an infolding of the epidermic layer 
of the general integoment. Hence it follows that the 
rods and cones of the vertebrate eye are modified epi- 
dermic cells, as much as the crystalline cones of the 
uifiect or crustacean eye are ; and that the inversion of 
th^ position of the former in relation to light arises sim- 
pj^ from the roundabout way in which the vertebrate 
ref^ is developed. 

J.nu8 all the higher sense organs start from one 

four^^^^on, and the receptive epithelium of the eye, or 

of tb€^ ^^) is as much modified epidermis as is that of 

He nl^^* The structural unity of the sense organs is 

th zD^^:^^^^logical parallel to their identity of physio- 

1 • ji j^^^ction, which, as we have seen, is to be im- 

, "f^y <5ertain modes of motion ; and they are fine 

^ in proportion to the delicacy or the stren^h 

. ^x^ises by which they are to be affected. 

• -y^^a^® analysis, then, it appears that a sensa- 
. .T^^ equivalent in terms of consciousness for a 
A of xxioti^ii of the matter of the sensorium. But, 
'4 • fluiry is ptished a stage farther, and the question 
ked* "VHiat then do we know about matter and 
tion? ibere is but one reply possible. All that we 
tn w about motion is that it is a name for certain j 

h ffcs in the relations of our visual, tactile, and mus- ; I 

lor sensationfl; and all that we know about matter] ^ 
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) is that it IB the hypothetical sabstance of physical phe- 
' nomena — the assamption of the existence of which is 
. as pure a piece of metaphysical speculation as is that 
of the existence of the substance of mind. 

Oar sensations, onr pleasnies, onr pains, and the re- 
lations of these, make up the sum total of the elements 
of positive, unquestionable knowledge. We call a hrge 
section of these sensations and their relations matter and 
motion; the rest we term mind and thinking; and expe- 
rience shows that there is a certain constant order of suc- 
cession between some of the former and some of the latter. 
This is all that just metaphysical criticism leaves 
of the idols set up by the spurious metaphysics of 
vulgar common sense. It is consistent either with pure 
Materialism, or with pure Idealism, but it is neither. 
For the Idealist, not content with declaring the truth 
that our knowledge is limited to facts of consciousness, 
affirms the wholly unprovable proposition that nothing 
exists beyond these and the substance of mind. And, 
on the other hand, the Materialist, holding by the truth 
that, for anything that appears to the contrary, material 
phenomena are the causes of mental phenomena, asserts 
his unprovable dogma, that material phenomena and the 
substance of matter are the sole primary existences. 

Strike out the propositions about which neither con- 
troversialist does or can know anything, and there is 
nothing left for them to quarrel about. Make a desert 
of the Unknowable, and the divine AstrsBa of philo- 
sophic peace will commence her blessed reign. 



XI. 
EVOLUTION m BIOLOGY. 

In the former half of the eighteenth century, the 
term "evolution" was introduced into biological writ- 
ings, in order to denote the mode in which some of 
the most eminent phyriologists of that time conceived 
that the generation of living things took place ; in op- 
position to the hypothesis advocated, in the preceding 
century, by Harvey in that remarkable work* which 
would give him a claim to rank among the founders 
of biological science, even had he not been the discov- 
erer of the circulation of the blood. 

One of Harvey's prime objects is to defend and 
establish, on the basis of direct observation, the opinion 
already held by Aristotle; that, in the higher animals 
at any rate, the formation of the new organism by the 
process of generation takes place, not suddenly, by 
simultaneous accretion of rudiments of all, or of the 
most important, of the organs of the adult ; nor by 
sudden metamorphosis of a formative substance into a 
miniature of the whole, which subsequently grows ; but 

* The *' Exercitationes de 6enerati<me AnimaVimn," which Dr. George 
Snt extracted from him and published in 1661. 
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by epigenestSj or saocessiye differentiation of a relar 
tivdy homogeneous mdiment into the parts and stract- 
nres which are characterifitic of the adnlt. 

*( Et prim6, qnidem, qnoniam per epiffetuiin sive partiam super- 
ezorientinm additamentum paUam fabricari certam est: qnaanam 
pan ante alias omnes exstraatar, et quid de ilia ejnsqae generandi 
modo obseryandom veniat, dispiciemns. Batnm sane est et in ovo 
manifesto apparet quod AriatoteUi de perfeotomm animalinTn goie- 
ratione enontiat : nimiram, non omnes partes simnl fieri, sed ordine 
aliam post aliam; primtimqne existere particnlam genitalem, ccgas 
▼irtate postea (tanqoam ex prindpio qaodam) reHquie omnes partes 
prosiliant. Qnalem in plantarom seminibns (fiEibis, pntd, ant glan- 
dibns) gemmam sive apioem protnberantem cemimus, totins fnturss 
arboris principiom. JSttque hoe partieula wlut filiui emancipiUui 
uonumqua eollocatu^ et prtMipium per m vivene; unde po$tea 
membrorum ardo deicrMtur; et qumevnqtie ad abeoUendum animal 
pertinent^ dispanuntur.* Qnoniam enim nulla pars u iptam gene- 
rat; 9ed postquam generata e»t^ se ipiamjam auget; idea eamprU 
mULm ariri neeesse «9f, qua prmeipium augendi eontineat (eive enim 
planUkf sive animal est, ague omnibus inest quod aim hdbeat vege- 
tandi, site nutriendi),\ simnlqae reliqaas omnes partes sno qnamqne 
ordine distingaat et formet; proindeqae in eadem primogenita par- 
ticnla anima primario inest, sensns, motnsqae, et totins vitsa anotor 
et principinm." (Exerdtatio 51.) 

ECarvey proceeds to contrast this view with that of 
the "Medici," or followers of Hippocrates and Galen, 
who, "badly philosophising," imagined that the brain, 
the heart, and the liver were simultaneonsly first gene- 
rated in the form of vesicles ; and, at the same time, 
while expressing his agreement with Aristotle in the 
principle of epigenesis, he maintains that it is the blood 
which is the primal generative part, and not, as Aristotle 
thought, the heart. 

* *' De Generatione Animalium," lib. iL cap. x. 
f '* De Qeneratione," lib. iL cap. Iv. 
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In Hie latter part of the Beventeenth century, the 
doctrine of epigenesis, thus advocated by Harvey, was 
controverted, on the ground of direct observation, by 
Malpighi, who afiirmed that the body of the chick is 
to be seen in the egg, before the punctam scmgimieam* 
makes its appearance. Sat, from this perfectly correct 
observation a conclusion which is by no means war- 
ranted was drawn ; namely, that the chick, as a whole, 
really exists in the egg antecedently to incubation ; and 
that what happens in the course of the latter process 
is no addition of new parts, ^^ alias post alias natas," 
as Harvey puts it, but a simple expansion, or unfold- 
ing, of the organs which already exist, though they 
are too small and inconspicuous to be discovered. The 
weight of Malpighi's observations therefore fell into 
the scale of that doctrine which Harvey terms meta- 
fnorphosisy in contradistinction to epigenesis. 

The views of Malpighi were warmly welcomed, on 
philoBophical grounds, by Leibnitz,* who found in them 
a support to his hypothesis of monads, and by Male- 

* " Gependaat, poor lerenir anx f onnes ordinaires on aiiz Ames matd- 
rielles, cette dur6e qu'il leur faut attribuer k la place de oelle qu'on aroit 
attribute aux atomies pourroit faire douter d eUes ne Tont pas de eoips en 
eorps ; oe qui seroH la m^tempsychose, k peu prds comme quelques philo- 
sophes OBt cm la transmisdon du moayement et oeUe des esp^oes. Mais 
cette imagimition est bien 61oign6e de la nature des choses. U n'y a point 
de tel passage ; et c'est id oii les transformations de Messieurs Swammer- 
dam, Malpighi, et Leeuwenhoek, qui sont des plus ezceUens obsenrateurs de 
notre tems, sont Tenues 4 mon seconrs, et m*ont fait admettre plus us^ 
ment, que I'animal, et tonte autre substance organis6e ne commence point 
lorsque nous le croyons, et que sa generation apparente n*est qu*une d4> 
Teloppement et une espdoe d'augmentation. Aussi ai je remarqu^ que Pau- 
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branche;* wliile, in the middle of the eighteenth oen- 
tniy, not only specnlatiye confiiderations, but a great 
number of new and interesting observations on the phe- 
nomena of generation, led the ingenious Bonnet, and 
Haller, f the first physiologist of the age, to adopt, ad- 
vocate, and extend them. 

Bonnet affirms that, before fecundation, the hen's 
egg contains an excessively minute but complete chick ; 
and that fecundation and incubation simply cause this 
germ to absorb nutritious matters, which are deposited 
in the interstices of the elementary structures of which 
the miniature chick, or germ, is made up. The conse- 
quence of this intussusceptive growth is the ^^ develop- 
ment " or " evolution " of the germ into the visible bird. 
Thus an organised individual {toi^ organise) '^ is a com- 
posite body consisting of the original, or dementaryj 
parts and of the matters which have been associated 

teur de la * Recherche de la Verity,' M. Regis, M. Hartsoeker, et d'autres 
habiles hommes n'ont pas 6t6 fort ^loign^s de ce sentiment.*' Leibniti, 
*' Systime nouveau de la Nature," 1696. The doctrine of ^'Emboltement" 
is contained in the '* Considerations sur le prindpe de Tie,*' 1705 ; the 
preface to the " Theodic6e," 1710 ; and the " Prindpes de la Nature et de 
la Grace*' (§6), 1718. 

* '* II est vrai que la pens^e la plus ndsonnable et la plus conforme i 
Pezperience sur cette question trds difficile de la formation du foetus; c'est 
que les enf ans sont d^ja presque tout formes avant mdme Faction par la- 
quelle ils sont con9U8 ; et que leurs m^res ne font que leur donner raocrois- 
sement ordinaire dans le temps de la grossesse." "De la Recherdie de la 
Verity," Uvre ii. chap. vii. p. 834, 7th ed., 1721. 

f The writer is indebted to Dr. Allen Thomson for reference to the evi- 
dence contained in a note to Haller's edition of Boerhaave's " Prselectiones 
Academics^," vol. v. pt. ii. p. 497, published in 1744, that Haller originaUy 
advocated epigenesis. 
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with them by the aid of nutritioii ; " bo that, if these 
matters could he extracted from the individual {fouC)^ it 
would, so to speak, become concentrated in a point, and 
would thus be restored to its primitive condition of a 
germ ; " just as by extracting from a bone the calcare- 
ous substance which is the source of its hardness, it is 
reduced to its primitive state of gristle or membrane." * 
"Evolution" and "development" are, for Bonnet, 
synonymous terms ; and since by " evolution " he means 
simply the expansion of that which was invisible into 
visibility, he was naturally led to the conclusion, at 
which Leibnitz had arrived by a different Une of reason- 
ing, that no such thing as generation, in the proper sense 
of the word, exists in nature. The growth of an organic 
being is simply a process of enlargement, as a particle 
of dry gelatine may be swelled up by the intussusception 
of water; its death is a shrinkage, such as the swelled 
jeUy might undergo on desiccation. Nothing reaUy new 
is produced in the living world, but the germs which de- 
velop have existed since the beginning of things ; and 
nothing really dies, but, when what we call death takes 
place, the living thing shrinks back into its germ state.f 

* " Consid^rationa sur les Corps oigams^B," chap. x. 
^ Bonnet had the courage of his opinions, and in the ** Paling6n6sie 
H < «90phique,'' part vi. chap, iv., he develops a hypothesis which he terms 
, it^ion natnrelle ; ^' and which, making allowance for his peculiar views 
. ature of generation, bears no small resemblance to what is under- 
" ««/*lution" at the present day: — 

Lt6 divine a cr46 par un seul Acte rUniversalit^ dm dtres, 
jes plantes et ces animauz dont Moyse nous decrit la Produc- 
ae et an dnquieme jour du renouvellement de notre monde ? 
j-je de la liberty de conjectures si je disois, que les Plantes 
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The two parts of Bonnet's hypothesis, namely, the 
doctrine that all living things proceed from pre-exist- 
ing germs, and that these contain, one inclosed within 
the other, the germs of all f ature living things, which 
is the hypothesis of ^' emboUement ; ^^ and the doctrine 
that every germ contains in miniature all the organs of 
the adult, which is the hypothesis of evolution or devel- 
opment, in the primary senses of these words, must be 
carefully distinguished. In fact, while holding firmly by 
the former. Bonnet more or less modified the latter 
in his later writings, and, at length, he admits that a 
^* germ " need not be an actual miniature of the oigan- 
ism ; but that it may be merely an ^^ original preformar 
tion '* capable of producing the latter. * 

But, thus defined, the germ is neither more nor less 
than the "particula genitalis" of Aristotle, or the 
"primordium vegetale" or "ovum" of Harvey; and 

et les Animaux qm existent aujourd'hui sont parvenus par une sorte d'evo- 
lution natureUe des Etres organises qui peuplaient ce premier Monde, sorti 
imm^diatement des Mains du Gbbatbvb ? . . . 

''Ne supposons que trois revolutions. La Terrevient de sortir des 
Mains du Gsbateur. Des causes prepar^es par sa Saoessb font d^velop- 
per de toutes parts les Germes. Les Etres organises commenoent k jonir 
de Pexistence. Us ^toient probablement alors bien diff^rens de oe qu'ils 
sont aujourd'hui. lis I'etoient autant que oe premier Monde diff6roit de 
oelui que nous habitons. Nous manquons de moyens pour juger de ces 
dissemblances, et peut-dtre que le plus habile Naturaliste qui auroit M 
plaod dans oe premier Monde y auroit entidrement mSconnu nos Flantes et 
nos AnimauXi'* 

* " Ce mot (germe) ne designers pas seulement un oorps organist 
rSduU en pdit ; il d^signera encore toute esp^ce de prSformaHon crigindU 
doni un Tout organique peut riauUer eomme de eon principe immSdiat,^^'^ 
" Paling^n^sie Philosophique," part x. chap. ii. 
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-the " evolution " of such a germ would not be distin- 
guishable from " epigenesis/' 

Supported by the great authority of Haller, the doc- 
trine of evolution, or development, prevailed through- 
out the whole of the eighteenth century, and Cuvier' 
appears to have substantially adopted Bonnet's later 
views, though probably he would not have gone all 
lengths in the direction of " emboltement." In a well- 
known note to Laurillards' " Eloge," prefixed to the last 
edition of the "Ossemens fossiles," the "radical de 
r^tre '^ is much the same thing as Aristotle's " particxda 
genitalis " and Harvey's " ovum." * 

Bonnet's eminent contemporary, Buffon, held nearly 
the same views with respect to the nature of the germ, 
and expresses them even more confidently. 

" Ceux qui ont cru que le oceur 6toit le premier form6, se aont 
tromp^s ; ceux qui disent que o^est le sang se trompent ausai : tout 
est form^ en m^me temps. Si Ton ne consulte que Tobservation, 
le poulet se voit dans ToBuf avant qui^il ait 6t6 couv6." t 

'^ J^ai ouvert une grande quantity d^oBufs & differens temps avant 
et aprds Pincnbation, et je me suis convaincn par mes jenx que le 
poulet existe en entier dans le milieu de la oicatricule an moment 
qn'il sort du corps de la poule." I 

* *' M. Cuvier consid^rant que tous les tires organises sent d^riv^s de 
parens, et ne voyant dans la nature aucune force capable de produire Tor- 
ganisation, croyait i la pr^-existenoe des germes ; non pas k la pr6-exist- 
enoe d*un dtre tout form^, puisqu*il est bien Evident que ce n^est que par 
des d^veloppemens sucoessifs que PMre acquiert sa forme ; mais, si I'on 
pent s'exprimer ainsi, k la pr^-existence du radical de retre^ radical qui 
existe avant que la s^rie des Evolutions ne commence, et qui remonte cer- 
tainement, sulvant la belle observation de Bonnet, k plusieurs generations.** 
— Lauiillard, '* £loge de Cuvier," note 12. 

t "Histoire NatureUe," torn. u. ed. ii. 1760, p. 860. 

X Ibid. p. 861. 
18 
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I. The Ihx)luti(m of the Indimdual. 

'So exception is, at this time, known to the general 
law, established upon an immense multitude of direct 
observations, that every living thing is evolved from a 
particle of matter in which no trace of the distinctive 
characters of the adult form of that liviag thing is dis- 
cernible. This particle is termed a germ, Harvey* 
says — 

'^ Omnibus viventlbas primordium insit, ex qno et a qao pro- 
yeniant. Liceat hoc nobis primordium vegetale nominare ; nempe 
snbstantiam qnandam oorpoream vitam habentem potently ; yeL 
qaoddam per se ezistens, quod aptnm sit, in vegetativam formam, 
ab interno prinoipio operante, mntarL Quale nempe primordium, 
ovum est et plantarum semen ; tale etiam yiviparorum conoeptus, 
et insectorum vermii ab Aristotele dictus: di versa scilicet diver- 
Bomm viventium primordia." 

The definition of a germ as ^^ matter potentially alive, 
and having within itself the tendency to assume a defi- 
nite living form," appears to meet all the requirements of 
modem science. For, notwithstanding it might be just- 
ly questioned whether a germ is not merely potentially, 
but rather actually, alive, though its vital manifestations 
are reduced to a minimum, the term ^^ potential " may 
fairly be used in a sense broad enough to escape the 
objection. And the qualification of ^^ potential " has the 
advantage of reminding us that the great chacteristic of 
the germ is not so much what it is, but what it may, 
under suitable conditions, become. Harvey shared the 

* ''Ezerdtationes do Generatione.'* Ex. 62, **0vum ease primordicim 
eommtme omnibus animalibus.*' 



EYOLUTION IN BIOLOGY. 291 

belief of Aristotle — ^whose writings he so often qnotes, 
and of whom he speaks as his precursor and model, 
with the generons respect with which one genuine work- 
er should regard another — ^that such germs may arise by 
a process of " equiyocal generation " out of not-living 
matter ; and the aphorism so commonly ascribed to him, 
"omTie vvvtim ex ovo^^ and which is indeed a fair sum- 
mary of his reiterated assertions, though incessantly em- 
ployed against the modem advocates of spontaneous 
generation, can be honestly so used only by those who 
have never read a score of pages of the " Exercitationes." 
Harvey, in fact, believed as implicitly as Aristotle did 
in the equivocal generation of the lower animals. But, 
while the course of modem investigation has only brought 
out into greater prominence the accuracy of Harvey's 
conception of the nature and mode of development of 
germs, it has as distinctly tended to disprove the occur- 
rence of equivocal generation, or abiogenesis, in the pres- 
ent course of nature. In the inmiense majority of both 
plants and animals, it is certain that the germ is not 
merely a body in which life is dormant or potential, but 
that it is itself simply a detached portion of the sub- 
stance of a pre-existing living body ; and the evidence 
lias yet to be adduced which will satisfy any cautious 
reasoner that "onme vivum ex vivo'' is not as well- 
established a law of the existing coxurse of nature as 
"omne vivum ex ovo." 

In all instances which have yet been investigated, 
the substance of this germ has a peculiar chemical com- 



292 EVOLUTION IN BIOLOGY. 

podtioiiy consbtiBg of at fewest four elementary bodiee^ 
viz. carbon^ hydrogeiii oxygen, and nitrogen, united into 
the ill-defined compound known as protein, and associ- 
ated with much water, and very generally, if not always, 
with sulphur and phosphorus in minute proportions. 
Moreover, up to the present time, protein is known only 
as a product and constituent of living matter. Again, a 
true germ is either devoid of any structure discernible by 
optical means, or, at most, it is a simple nucleated cell."^ 

In all cases, the process of evolution consists in a 
succession of changes of the form, structure, and func- 
tions of the germ, by which it passes, step by step, from 
an extreme simplicity, or relative homogeneity, of visi- 
ble structure, to a greater or less degree of complexity 
or heterogeneity; and the course of progressive differ- 
entiation is usually accompanied by growth, which is 
effected by intussusception. This intussusception, how- 
ever, is a very different process from that imagined either 
by Buffon, or by Bonnet. The substance by the addition 
of which the germ is enlarged is, in no case, simply ab- 
sorbed ready-made from the not-living world and packed 
between the elementary constituents of the germ, as 
Bonnet imagined ; still less does it consist of the ^^ mo- 
lecules organiques " of Buffon. The new material is, in 
great measure, not only absorbed but assimilated, so that 
it becomes part and parcel of the molecular structure of 



* In some cases of sexless multiplication the genn is a ceU-aggregai 
if we caU germ only that which is already detached from the parent or- 
ganism. 
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the living body into which it enters. And, so far from 
the fully developed organism being simply the germ 
j^J/as the nutriment which it has absorbed, it is probable 
that the adult contains neither in form, nor in substance, 
more than an inappreciable fraction of the constituents 
of the germ, and that it is almost, if not wholly, made 
up of assimilated and metamorphosed nutriment. In 
the great majority of cases, at any rate, the full-grown 
organism becomes what it is by the absorption of not- 
living matter, and its conversion into living matter of 
a specific type. As Harvey says (Ex. 45), all parts of 
the body are nourished " ab eodem succo alibili, aliter 
aUterque cambiato," ^^ ut plantsa omnes ex eodem com- 
muni nutrimento (sive rore sen terrse humore)." 

In all animals and plants, above the lowest, the germ 
18 a nucleated cell, using that term in its broadest sense ; 
and the first step in the process of the evolution of the 
individual is the division of this cell into two or more 
portions. The process of division is repeated, until the 
organism, from being unicellular, becomes multicellular. 
The single cell becomes a cell-aggregate ; and it is to the 
growth and metamorphosis of the cells of the cell-aggre- 
gate thus produced, that all the organs and tissues of the 
adult owe their origin. 

In certain animals belonging to every one of the 
chief groups into ^^hich the Metazoa are divisible, the 
cells of the cell-aggregate which results from the process 
of yelk-division, and which is termed a morula^ diverge 
from one another in such a manner as to give rise to a 
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central space, around which they diBpose themselTes ae 
a coat or envelope ; and thos the momla becomes a ves- 
icle filled with flnid, the ^lanida. The wall of the pla- 
Dnla is next pushed in ou one side, or invagtnated, 
whereby it is converted into a donble-walled sac with an 
opening, the hla^f^ore, which leads into the cavity lined 
by die inner waU. This cavity is the primitive aliment- 
ary cavity or archenteron ; the inner, or Invaginated, 
layer is the hjfpoNagt, the enter the ^nUatt; and the 
embtyo, in this stage, is termed a ffostriila. In all the 
higher animals, a layer of ceUs makes its appearance be- 
tween the hypoblast and the epiblast, and is termed the 
metoMaBt, In the further course of development, the 
epiblast becomes the ectoderm or epidermic layer of the 
body ; the hypoblast becomes t^e epithelinm of the mid- 
dle portion of the alimentary canal ; and the mesoblast 
1 the other tissues, except the central ner- 
rhich originates from an ingrowth of the 

or lesB modification in detail, the embryo 
rved to pass through these sncceesive evo- 

in sundry Sponges, Ccelenterates, Worms, 
Tunicates, Arthropods, Mollosks, and Yer- 
there are valid reasons for the belief, that 
: higher organisation than the J^rotosoa 
jneral character of the early stages of their 
Intion. Each, starting from the condition 
ideated cell, becomes a cell-aggregate ; and 
rough a condition which represents the 



EVOLUTION m BIOLOGY. 295 

gastmla stage, before taking on the features distinctive 
of the group to which it belongs. Stated in this form, 
the " gastrsea theory " of Haeckel appears to the present 
writer to be one of the most important and best founded 
of recent generalisations. So far as individual plants 
and animals are concerned, therefore, evolution is not a 
speculation but a fact ; and it takes place by epigenesis. 

'' Animal . . . per epigenesin procreatnr, materiam simnl attra- 
hit, parat, concoqait, et e4dem ntitar; fomiatar simul et angetar 
. . . primnm f atari corporis oonorementam . . . pront aagetnr, 
diyiditnr sensim et distingoitur in partes, non simal omnes, sed alias 
post alias natas, et ordine qnasqne sno emergentes." * 

In these words, by the divination of genius, Harvey, 
in the seventeenth century, summed up the outcome of 
the work of all those who, with appliances he could not 
dream of, are continuing his labours in the nineteenth 
century. 

Nevertheless, though the doctrine of epigenesis, as 
understood by Harvey, has definitively triumphed over 
the doctrine of evolution, as understood by his oppo- 
nents of the eighteenth century, it is not impossible that, 
when the analysis of the process of development is car- 
ried still farther, and the origin of the molecular com- 
ponents of the physically gross, though sensibly minute, 
bodies which we term germs is traced, the theory of de- 
velopment will approach more nearly to metamorphosis 
than to epigenesis. Harvey thought that impregnation 

* Harvey, " Exercitationes de Generatione." Ex. 46, "Qusenam sit 
pilli materia et quomodo fiat in Oyo." 
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"OBnet'B later writings; and development is merely 
* expansion of a potential organism or " ori^nal pre- 
Ofioation" according to fixed laws. 

^- S^ Mioliitum of the Sum of Living Bemga. 

■"le Dodon that all the kinds of animals and plants 

*y have come into existence hy the growth and modifi- 

**^ of primordial germs is as old as speculative 

onght ; hot the modem scientific form of the doctrine 

oe traced hiatorieally to the influence of several con- 

-^^°g lines of philosophical speculation and of physical 

ee„ ^^**ion, none of which go farther back tlian the 

^Oteenth centnry. These are :— 
tj,^^ " -^he ennnciation by Descartes of the conception 
jical aniverse, whether living or not living, 
sm, and that, as snch, it is explicable on 
iples. 

>servation of the gradations of stmctare, 
einoplicity to very great complexity, pro- 
ng things, and of the relation of these 
Is to one another. 

-rvation of the existence of an analogy 
i«8 of gradations presented by the specie 
^■By great group of animals or plants, and 
ifcryonic conditions of the highest mem- 

""^"^tion that large groups of species of 

'habits present the same fundamental 

> ajid that parts of the same animal or 



j>s EVOLmos rs biology. 

plml, t^ fsardons of viudi sre rerj di&rent, UkewiBe 
exhibit mcriidsii'Mte of a ccsmnon plin. 

5. Ti^ ob^err^oD of the exi^tcziee of Btnictnret, in a 
ndLiDentuy »ni apparently aselees ooDdid<Mi, in one 
Fpecie^ c'f a gTv:>::p. vLicli are fnllr developed and have 
dfrdniie iui.<^'.rDt in oiber fpeciee of the Bune gioap. 

6. The olieerTan<Hi of the effects of Taijing oondi- 
tivas in moiiifring living organisms. 

7. Tbe oleervanon of the facts of geographical dis- 
tr.bwr.oTt. 

S. Toe obfervati->D of ibe facts of the geolf^cal boo- 
cession of the forms of life. 

1. Xotwichstanding the elaborate di^uise which fear 

of the powers that were led Deecartes to throw over his 

real opinions, it is impoedble to read the " PrincipeB de 

la Philoeophie" withont acquiring the conviction that 

this great philosopher held that the physical world and 

I it, whether living or not living, have ori^n- 

[Mttcess of evolation, dne to the contiDUOiis 

E pnrely phyacal caosee, oat of a primitive 

timleeB matter,* 

jwing passage is especially instmctive : — 

en &ut qa« je renUle qne Ton croie toatea 1«8 ebora 
[He mAin« jo pretends en propoaer id qndqn«s nnes 
^J^w»«t6tr»&iMBw; inT(Hr,jenedoiite point qne 
a oonunenMment mrws aotant de perfectim 




reipEeUiiH de loot Im 

gnade et tMdh^ ce 

idiilasopliie, et ^eat Deaeute* qm 
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qaVl en a ; en sorte que le soleil, la terre, la lane, et les ^toiles ont 
6t6 d^ lors ; et que la terre n'a pas en senlement en soi les semenoes 
des plantes, mais qne les plantes m^rne en ont convert nne partie ; 
et qn' Adam et Eve n'ont pas 6t6 cr66s enf ans mais en Age d'hommes 
parfaits. La religion cbr^tienne yent qne nons le crojons ainsi, et 
la raison natnrelle nons persnade entidrement cette v^rit^ ; car si 
nous consid^rons la toate puissance de Dien, nons devons jnger qne 
tont oe qn'il a fait a en dds le commencement tonte la pei^ection 
qn'il devoit avoir. Mais n^anmoins, comme on conn6itroit beanconp 
mienx quelle a 6t6 la nature d^Adam et celle des arbres de Paradis 
si on avoit examine conmient les enfants se forment pen & pen dans 
le ventre de lenrs mdres et comment les plantes sortent de lenrs 
semences, qne si on avoit senlement consid^r^ qnels ils ont 6t6 qnand 
Dien les a cr66s : tout de m^me, nons f erons mienx entendre quelle 
est g^n^ralement la nature de toutes les choses qui sont an monde si 
nous ponvons imaginer quelques principes qui soient fort intelligibles 
et fort simples, desquels nous puissions voir olairement que les astres 
et la terre et enfin tout ce monde visible auroit pu 6tre produit ainsi 
que de quelques semences (bien que nous sachions qu^il n'a pas 6t6 
produit en cette fa^on) que si nous la decrivions senlement comme 
H est, on bien comme nous crojons quHl a ^t6 cr66. Et parceque je 
pense avoir trouv6 des principes qni sont tels, je tacberai ici de les 
expliquer."* 

If we read between the lines of this singular exhibi- 
tion of force of one kind and weakness of another, it is 
dear that Descartes believed that he had divined the 
mode in which the physical universe had been evolved ; 
and the " Trait6 de rhomme " and the essay " Sur les 
Passions" afford abundant additional evidence that he 
sought for, and thought he had found, an explanation of 
the phenomena of physical life by deduction from purely 
physical laws. 

Spinoza abounds in the same sense, and is as usual 
perfectly candid — 

* " Principes de la Fhilosophie,*' Troisidme partie, g 46. 
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^^ Natarss legea et regnlfld, secandam quas omnia finnt et ex onia 
formis in alias matantor, sunt ubiqae et semper eadem." * 

Leibnitz's doctrine of continuity necessarily led him 

in the same direction ; and, of the infinite multitude of 

monads with which he peopled the world, each is sup-' 

posed to be the focus of an endless process of evolution 

and involution. In the "Protogsea," xxvi., Leibnitz 

distinctly suggests the mutability of species — 

" Alii mirantnr in saxis passim species yideri qnas vel in orbe 
oognlto, vel saltem in yicinis locis frastra qaieras. Ita ^Comna 
Ammonis,' qusB ex naatUomm numero habeantur, passim et forma 
et magnitadine (nam et pedali diametro aliqnando reperiontur) ab 
omnibus illis naturis discrepare dicnnt, qnas pr»bet mare. Sed quia 
absconditos ejas recessus ant subterranees abyssos pervestigavit ? 
quam malta nobis animalia antea ignota offert novns orbis? £t 
credibile est per magnas illas conversiones etiam animaliam species 
plarimnm immutatas/' 

Thus, in the end of the seventeenth century, the seed 
was sown which has, at intervals, brought forth recur- 
rent crops of evolutional hypotheses, based, more or less 
completely, on general reasonings. 

Among the earliest of these speculations is that put 
forward by Benoit de Maillet in his " Telliamed," which, 
though printed in 1735, was not published until twenty- 
three years later. Considering that this book was writ- 
ten before the time of Haller, or Bonnet, or Linnseus, 
or Hutton, it surely deserves more respectful considera- 
tion that it usually receives. For De Maillet not only 
has a definite conception of the plasticity of living 
things, and of the production of existing species by the 

• " Ethics," Pars tertia, Prof atio. 
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modification of their predecessors ; but he clearly appre- 
hends the cardinal maxim of modem geological science, 
that the explanation of the stmctnre of the globe is to 
be sought in the dedactive application to geological phe- 
nomena of the principles established inductively by the 
study of the present course of nature. Somewhat later, 
MaupertuiB* Buggested a curiouB hypothesis as to the 
causes of variation, which he thinks may be sufScient to 
account for the origin of aU animals from a single pair. 
Robinet f followed out much the same line of thought as 
De Maillet, but less soberly ; and Bonnet's speculations 
in the " Palingen&ie," which appeared in 1769, have 
already been mentioned.^ BuflEon (1753-1778), at first a 
partisan of the absolute immutability of species, subse- 
quently appears to have believed that larger or smaller 
groups of species have been produced by the modificar 
tion of a primitive stock ; but he contributed nothing to 
the general doctrine of evolution. 

Erasmus Darwin Q' Zoonomia," 1794), though a zeal- 
ous evolutionist, can hardly be said to have made any 
real advance on his predecessors ; and, notwithstanding 
that Goethe (1791-4) had the advantage of a wide 
knowledge of morphological facts, and a true insight 
into their signification, while he threw all the power of 
a great poet into the expression of his conceptions, it 
may be questioned whether he supplied the doctrine of 

'^ " gysUme de la Nature." " Essai sur la Formation des Corps Orga- 
nises,*' 1Y61, xiv. 

f " Considerations Fhilosophiques sur la gradation natureUe des formes 
de rdtre ; ou les essais de la nature qui apprend k faire I'homme," 1768. 
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evolntion with a firmer scientific basis than it already 
possessed. Moreover, whatever the value of Groethe's 
labours in that field, they were not published before 
1820, long after evolutionism had taken a new departure 
from the works of Treviranus and Lamarck — ^the first of 
its advocates who were equipped for their task with the 
needful large and accurate knowledge of the phenomena 
of life, as a whole. It is remarkable that each of these 
writers seems to have been led, independently and con- 
temporaneously, to invent the same name of " Biology " 
for the science of the phenomena of life ; and thus, fol- 
lowing Buffon, to have recognised the essential unity of 
these phenomena, and their contradistinction from those 
of inanimate nature. And it is hard to say whether 
Lamarck or Treviranus has the priority in propounding 
the main thesis of the doctrine of evolution ; for though 
the first volume of Treviranus's "Biologie^V appeared 
only in 1802, he says, in the preface to his later work, 
the ^^ Erscheinungen und Gesetze des organischen Le- 
bens,*' dated 1831, that he wrote the first volume of the 
" Biologic " " nearly fi^e-and-thirty years ago,*' or about 
1796. 

Now, in 1794, there is evidence that Lamarck held 
doctrines which present a striking contrast to those 
which are to be found in the " Philosophic Zoologique," 
as the following passages show : 

'' 685. Quoiqae mon tmiqae objet dans oet article n'ait 4t6 quo 
de traiter de la caase physiqne de Fentretien de la vie des 6tres or- 
ganiqneB, malgr6 cela j^ai oa6 avaiicer en d^batant, que Fexistenoe 
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de cea fitres £tonnants n'appartieiiiieiit nollement 4 la nature ; que 
tout ce qn'on pent entendre par le mot nature, ne poavoit donner la 
vie, c'est-4-dire, qne toates lesqnaliUs de la matiSre, jointea A tontes 
lea ciroonstances possibles, et m6ine i. I'aoUvit^ r6|iaadae dana I'nni- 
vers, ne pouvaient point prodnire an 6tre mnni dn monvement or- 
gaoiqne, capable de reprodnire eon eemblable, et sqjet i la morL 

" 686. Tons lea individos de oett* nature, qui eiiatent, provien- 
nent d'individaa setnblablaa qni tons ensemble oonstitnent I'esp^e 
entidra. Or, je eroia qn'il eat ansai impossible i rhomme de oon- 
nftitre la causa phjsiqae dn premier individn de chaqne espSoe, qne 
d'aamgner ausu physiqnement la cause de I'ezistenae de la matiSre 
on de I'nnivera entier. O'eat an mobs ce que le rfsnltat de mes 
connaiaaancea et de mea reflexions ma portent i, penser. S'il esiste 
beaaooup de variSt^s prodnites par I'efiet dea circonatancea, eea va- 
liitAa ne dSnaturent point lea espicea ; maia on ae trompe, sans donte 
BODTent, en indiqnant comme eaptee, oe qoi n'est qne variSti ; et 
alors je sens qne eette errenr peat tirer & cooa^nence dans lea rai- 
sonnements qne I'on ttit anr oette matiSre." * 

The first tiiree volumes of Treviramifl'B " Biologie," 
whidi contain liis general views of evolution, appeared 
between 1802 and 1805. The "Eecherehes snr I'organi- 
sation dee corps vivants," in which the ontlinee of La- 
marck's doctrines are given, was published in 1802 ; but 
the full development of his views, in the " Fbilosophie 
Zoologiqtie," did not take place ontil 1809. 

'^^^ "Biologie" and the "Philosophie Zoologiqne" 
th TCTy remarkable prodnctions, and are still 

icherchea aur lea caosea dea prindpaui taita phynqnes," par J. 
ck. Faria. Seoonde annie de la BJpnbUque. In the preface, 
aajB that Ibe work vaa vrittea in 1T7S, and presented to the 
in 1780; but it was not published before 1794, and, at that time, 
ibl; expressed Lsmarck'a mature view*. It would be interesting 
rhat brought about the cbaage of opinion manifested in the " Ke- 
Bor I'organisation dea corps rirants," publiahed only seren years 
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-^v-^.j of *ii«iU™ «mdy, but they feU upon evil timeB. 
Ti* T»a «a:hv>rilT of Cnvier ma employed in support 
^ vb* TT»^.:i.^ai:{T i«T(<uible hypotheses of special cr^ 
»;...^« *^* .-c' c»T»stiv»phi«n; and the wild specnUtioiiB 
.n; -."Sf * lV».-v»£r* set los ReTOlntions de la Surface dn 
vi\.<sr - »vcv iK->:i lo 1* laoclels of soand scientific think- 
i>^. >.^.:V ib-- ;->*:> ir:niii nwre sober «nd philoeophical 
i.- N-v V-w,-* ,s; i^f - ilvir.->cix>]c^e " irepe aoonted. ¥ot 
s.ifei ^ VMiT^ i ••-»? tb* fitfii.-a to fpeak of IjuoMrtk with 
^■viv^^X-, ■»"! V TT^T^T4T,iif ■■Tie ihojieiher ignored. 

N,",v- kCv^ ^irf ^.vi iud been done. The con- 

,vv.v^i ,v= **-X-ixiv-a »-» itfa>.-*fca-«3Td iirepreesible, ind 

i ■i'VV!ie»i;;S ■;^fti.^-c>«;rs, it vc* sLipt or moother,* up 

•K' 'V vv>*.> i>cs?^ ~^.>^-g. 5i-_ r\i.-«4 and 3fr. Wallace 

>«.->v^,x,xv jK,v^ - fjy^-,-^ ^c Xi^rxn} Sdacdon." The 

" \^ ■;>■■;. ,x ^Jtxvv* ■* ii'wa:*?^ ir I>^^ ; aad ii is iritlun 

"V 4.>v'..v>-t>f ,-c iLl wXjwf anicn-iris; sr> biet to that 

^■«r ^jvcritf V-' einrOirtJoo has 

■,:^iin#»£ ia in.7».-caz!«w -wiJdi it 

3 :^ ~ Oc^ji ^■c >TW3a&.'' and 
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'esBor Haeckel * have dealt tdth the whole problem of 
iToIntion. The profoond and vigorooa writinga of Mr. 
Jpeacer embody the spirit of Descartes in the knowledge 
if our own day, and may be r^arded as the " FrineipeB 
ie la Philosophie" of the nineteenth century; while, 
irhatever hesitation may not unfreqnently be felt by less 
luing mindB, in following Haeckel in many of his 
ipecnlatioufi, his attempt to systematise the doctrine of 
iTolntiou and to exhibit its inflnenee as the central 
ihonght of modem biology, cannot fail to have a far- 
reaching influence on the progress of science. 

If we seek for the reason of the difEerence between 
he scientific position of the doctrine of evolution a 
%ntnry ago, and that which it occupies now, we shall 
Snd it in the great accumulation of facts, the several 
slasses of which have been enumerated above, nnder the 
second to the eighth heads. Tar those which are grouped 
onder the second to the seventh of these clafises, respect- 
ively, have a clear significance on the hypothesis of evo- 
lution, while they are unintelligible if that hypothesis be 
denied. And those of the eighth group are not only 
unintelligible without the assumption of evolntion, bat 
can be proved never to be discordant with that hypothe- 
sis, while, in some cases, they are exactly such as the 
hypothesis requires. The demonstration of these asser- 
tions wonid require a volume, but the general natnre of 
the evidence on whidi they rest may be briefly indicated. 
S. The accurate investigation of the lowest forms of 
* " Qenerelle Uorphok^," 1806. 
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animal life, commenced hj Leeuwenhoek and Swammer- 
dam, and continned by the remarkable labonrs of Kean- 
mnr, Tremblej, Bonnet, and a host of other obseryere, 
in the latter part of the fieventeenth and the first half of 
the eighteenth centuries, drew the attention of biologista 
to the gradation in the complexity of organisation which 
is presented by living beings, and culminated in the doc- 
trine of the ^^ 6chelle des Stres,'' so powerfully and clearly 
stated by Bonnet; and, before him, adumbrated by 
Locke and by Leibnitz. In the then state of knowledge, 
it appeared that all the species of animals and plants, 
could be arranged in one series ; in such a manner that, 
by insensible gradations, the mineral passed into the 
plant, the plant into the polype, the polype into the 
worm, and so, through gradually higher forms of life, to 
man, at the summit of the animated world. 

But, as knowledge advanced, this conception ceased 
to be tenable in the crude form in which it was first put 
forward. Taking into account existing animals and 
plants alone, it became obvious that they fell into groups 
which were more or less sharply separated from one 
another ; and, moreover, that even the species of a genus 
can hardly ever be arranged in linear series. Their 
natural resemblances and differences are only to be ex- 
pressed by disposing them as if they were branches 
springing from a common hypothetical centre. 

Lamarck, while affirming the verbal proposition that 
animals form a single series, was forced by his vast 
acquaintano^ with the details of zoology to limit the 
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asBertion to such a eeries ad may be formed out of the ab- 
stractions constituted by the common characters of each 
group.* 

Cuvier on anatomical, and Yon Baer on embryological 
grounds, made the further step of proving that, even in 
this limited sense, animals cannot be arranged in a single 
series, but that there are several distinct plans of organi- 
sation to be observed among them, no one of which, in 
its highest and most complicated modification, leads to 
any of the others. 

The conclusions enunciated by Cuvier and Yon Baer 
have been confirmed, in principle, by all subsequent 
research into the structure of animals and plants. But 
the effect of the adoption of these conclusions has been 
rather to substitute a new metaphor for that of Bonnet 
than to abolish the conception expressed by it. Instead 
of regarding Uving things as capable of arrangement in 
one series like the steps of a ladder, the results of 
modem investigation compel us to dispose them as if 
they were the twigs and branches of a tree. The ends 
of the twigs represent individuals, the smallest groups of 
twigs species, larger groups genera, and so on, until we 
arrive at the source of all these ramifications of the main 
branch, which is represented by a conmion plan of struct- 
ure. At the present moment, it is impossible to draw 
up any definition, based on broad anatomical or develop- 

* " D B*agit-donc de prouver que la s6rie qui constitute I'^cheUe animale 
reside essentieUement dans la diatribution des masses prindpales qni la 
composent et non dans oelle des esp^oes nl mdme toujoors dans oelle des 
genres." — ^^'FhU. Zoologiqne," chap. y. 
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forment nne s^rle trds-dmple et partoat ^galement nuano^e; mais 
je dis quails forment nne s^rie ramense, irr6gnli6rement gradnle et 
qui n'a point de disoontinait^ dans ses parties, on qui, dn moins, 
n'en a tonjonrs pas en, s'il est vrai qne, par snite de qnelqnes 
esp^ces perdnes, il s'en tronve qnelqne part II en resalte qne ]es 
etpiees qni terminent chaqne ramean de la s^rie g^n^rale tiennent, 
an moins d'nn o6t6, d d'antres espdoea voisines qni se nnancent avec 
elles. YoiM ce qne T^tat bien connn des oboses me met main- 
tenant d port^e de demontrer. Je n'ai besoin d^anonne bypotbdse 
ni d'ancnne supposition pour cela: j'en atteste tonte natnralistes 
obseryatears/' 

3. In a remarkable essay * Meckel remarks — 

^^ There is no good physiologist who has not been stmck by the 
observation that the original form of all organisms is one and the 
same, and that ont of this one form, all, the lowest as well as the 
highest, are developed in snoh a manner that the latter pass through 
the permanent forms of the former as transitory stages. Aristotle, 
Haller, Harvey, Kielmeyer, Autenrieth, and many others, have 
either made this observation incidentally, or, especially the latter, 
have drawn particular attention to it, and drawn therefrom results 
of permanent importance for physiology." 

Meckel proceeds to exemplify the thesis, that the 
lower forms of animals represent stages in the coarse of 
the development of the higher, with a large series of 
illustrations. 

After comparing the Salamanders and the perenni- 
branchiate Urodda with the Tadpoles and the Frogs, 
and enimciating the law that the more highly any animal 
is organised the more quickly does it pass through the 
lower stages, Meckel goes on to say — 

* *' Entwnrf einer Darstellung der zwischen dem Embryozustande der 
hdheren Thiere und dem permanenten der niederen stattfindenden Paral- 
lele,** *'Beytrage zor Yergleichenden Anatomie,'' Bd. ii. 1811. 
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development, ie an oi^anism which, if it h&d 
pendent existence, most be daaeified among fifil 
all the organs of the reptile pass, in the coaree 
development, throngh coaditionA which are close 
gons to tfaoee which are pennanent in some £ 
4. That branch of biology which is termed ]' 
My JB a commentary npon, and expansion of, thi 
gitiou that widely different animala or plants, aD< 
difierent parts of animals or plants, are constmo 
the same plan. From the rongh comparison 
skeleton of a bird with that of a man by Belo: 
dxteenth centmy (to go no farther hack), dow : 
theory of the limbs and the theory of the ekn 
present day ; or, irom the first demoustratioi 
homolo^es of the parts of a flower by C. F. 
the present elaborate analysis of the floral org; 
phol<%y exhibits a continnal advance towards th : 
stration of a fnndamental nnity among the seemi : 
sities of living stmctnres. And this demonstn 
been completed by the final establishment of 
theory, which involves the admiesion of a prim I 
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5. The inntunerable cases of stractnres, which are 
mdimentary and apparently useless, in species, the dose 
allies of which possess well developed and fnnctionallj 
important homologous stmctares, are readily intelligible 
on the theory of evolution, while it is hard to conceive 
their rauon d'etre on any other hypothesis. However, 
a cautious reasoner will probably rather explain such 
cases deductively from the doctrine of evolution than 
endeavour to support the doctrine of evolution by them. 
For it is almost impossible to prove that any structure, 
however rudimentary, is useless — ^that is to say, that it 
plays no part whatever in the economy ; and, if it is in 
the slightest degree useful, there is no reason why, on 
the hypothesis of direct creation, it should not have 
been created. Nevertheless, double-edged as is the 
argument from rudimentary organs, there is probably 
none which has produced a greater effect in promotiDg 
the general acceptance of the theory of evolution. 

6. The older advocates of evolution sought for the 
causes of the process exclusively in the influence of vary- 
ing conditions, such as climate and station, or hybridi- 
sation, upon living forms. Even Treviranus has got no 
farther than this point. Lamarck introduced the con- 
ception of the action of an animal on itself as a factor in 
producing modification. Starting from the well-known 
fact Ihat the habitual use of a limb tends to develop the 
muscles of the limb, and to produce a greater and 
greater f adlity in using it, he made the general assump- 

" 3 effort of an animal to exert an organ i^ ^ 



EVOLUTION m BIOLOGY. 313 

given directioii tends to develop the oi^n in that direc- 
tion. But a little consideration showed that, thongh 
lAinarck had seized what, as far aa it goes, is a tme 
cause of modificatioii, it is a c^nse the actoal effects of 
which are wholly inadequate to aceonnt for any oonsider- 
able modification in animals, and which can hare no in- 
fluence at all in Qie vegetable world; and probably 
nothing eontribnted bo mndi to discredit evolntion, in 
the early part of this eentoiy, as the floods of easy ridi- 
cule which were ponred upon this part of Lamarck's 
specnlation. The theory of natural selection, or survival 
of the fittest, was suggested by "Wells in 1813, and fnr- 
th^ elaborated by Matthew in 1831. Bat the pr^nant 
suggestions of these writers remained practically nnno- 
tieed and forgotten, until the theory was independently 
Revised and promulgated by Darwin and Wallace in 
tIS58, and the effect of its publication was immediate 
and profound. 

Those who were unwilling to accept evolution, with- 
Od t better gronnds than such as are offered by Lamarck, 
or the author of that particularly nnsatisfactory book, 
th^ "Vestiges of the Natural History of the Creation," 
and- who therefore preferred to suspend their judgment 
OQ -Che question, found, in the principle of selective 
bTe^ding, pursued in all its applications with marvellous 
Vno'wledge and skill by Mr. Darwin, a valid explanation 
of the occurrence of varieties and races ; and they saw 
clearly that, if the explanation would apply to species, it 
would, not only solve the problem of their evolntion, but 
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that it would account for tlie facts of teleology, as well 
as for those of morpliology ; and for the persistence of 
some forms of life unchanged through long epochs of 
time, while others imdergo comparativelj rapid meta- 
morphosis. 

How far ^^ natural selection" suffices for the produc- 
tion of species remains to be seen. Few can doubt that, 
if not the whole cause, it is a very important factor in 
that operation ; and that it must play a great part in the 
sorting out of varieties into those which are transitory 
and those which are permanent. 

But the causes and conditions of variation have yet 
to be thoroughly explored ; and the importance of natu- 
ral selection will not be impaired, even if further in- 
quiries should prove that variability is definite, and is 
determined in certain directions rather than in others, 
by conditions inherent in that which varies. It is quite 
conceivable that every species tends to produce varieties 
of a limited number and kind, and that the effect of 
natural selection is to favour the development of some of 
these, while it opposes the developnient of others along 
their predetermined lines of modification. 

7. No truths brought to light by biological investiga- 
tion were better calculated to inspire distrust of the dog- 
mas intruded upon science in the name of theology, than 
those which relate to the distribution of animals and 
plants on the surface of the earth. Yery skiUul accom- 
modation was needful, if the limitation of sloths to 
South America, and of the omithorhynchus to Australia, 
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waa to be reconciled with the literal interpretation of 
the history of the delage ; and, with the establiehment 
of the existence of distinct provinces of distribntion, any 
serious belief in the peopling of the world by migration 
from Koout Ararat came to an end. 

Under these circumstances, only one alternative was 
left for those who denied the ocearrenee of evolution — 
namely, the snpposition that the characteristic animals 
and plants of each great province were created, as such, 
within the limits in which we find them. And as the 
hypothesis of "specific centres," thus formulated, was 
heterodox from the theological point of view, and nnin- 
telligible under its scientific aspect, it may be passed 
over without further notice, as a phase of transition 
from the creational to the evolutional hypothesis. 

8. In fact, the strongest and most conclusive argu- 
ments in favour of evolution are those which are based 
upon the facte of geographical, taken in conjonctiou with 
those of geological, distribntion. 

Both Mr. Darwin and Mr. "Wallace lay great stress on 
the dose relation which obtains between the existing 
fauna of any region and that of the immediately ante- 
cedent geological epoch in the same region ; and rightly, 
for it is in troth inconceivable that there should be no 
genetic connection between the two. It is possible to 
put into words the proposition that all the animals and 
plants of each geological epoch were annihilated, and 
that a new set of very similar forms was created for 
the next epoch ; but it may be doubted if any one who 
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erer tried to form a disdnct mental image of this process 
of spontaneous geoentixm on the grandest scale, ever 
reaQ J sacoeeded in realising it. 

Within the last twenty jeais, the attention of the 
best palffionUdogists has been withdrawn from the hod- 
man's work of mating ^ new species " of fossils, to the 
scientific task of completing onr knowledge of individnal 
species, and tracing ont the snceession of the forms pre- 
sented by any given type in time. 

Those who desire to inform themselYes of the nature 
and extent of the evidence bearing on these questions 
may consult the works of Kutimeyer, Gaudry, Kowalew- 
sky, Marsh, and the writer of the present article. It 
must suffice, in this place, to say that the successive 
forms of the Equine type have been fully worked out ; 
while those of nearly all the other existing types of Un- 
gulate mammals and of the Camivara have been nearly 
as closely followed through the Tertiaiy deposits ; the 
gradations between birds and reptiles have been traced ; 
and the modifications undergone by the ChrooodUiOy from 
the Triassic epoch to the present day, have been demon- 
strated. On the evidence of paleontology, the evolu- 
tion of many existing forms of animal life from their 
predecessors is no longer an hypothesis, but an historical' 
fact ; it is only the naturo of the physiological factors 
to which that evolution is due which is stQl open to 
discussion. 



xn. 

THE COMTNG OF AGE OF "THE OmGIN OF 

SPECIES." 

MAirrof you will be famiHar with the aspect of this 
small green-covered book. It is a copy of the first edi- 
tion of the " Origin of Species/' and bears the date of its. 
production — the 1st of October 1859. Only a few 
months, therefore, are needed to complete the full tale 
of twenty-one years since its birthday. 

Those whose memories carry them back to this time 
wiU remember that the infant was remarkably lively, 
and that a great number of excellent persons mistook its 
manifestations of a vigorous individuality for mere 
naughtiness; in fact there was a very pretty turmoil 
about its cradle. My recollections of the period are par- 
ticularly vivid ; for, having conceived a tender affection 
for a child of what appeared to me to be such remark- 
able promise, I acted for some time in the capacity of a 
sort of under-nurse, and thus came in for my share of 
the storms which threatened the very life of the young 
creature. For some years it was undoubtedly warm 
work ; but considering how exceedingly unpleasant the 
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appufdoA of rLe new-eomer must hare been to those 
wbo cSl fioc fkll in lore with Idm at first sight, I think 
it k tt> tbe credi: of our ige diat the war was not fiercer, 
aad thas tbe mote bhter and nnscmpnlons forms of 
oppQeitk>a dSfd awaj as sooa as they did. 

I speik C'f tlik period as of something past and 
gone, poesesicg merdT an historical, I had ahnost 
said an andqnanan intarest. For, dniing the second 
decade of the e3dstence of the ^ Origin of Species," 
opposition, thoc^ bj no means dead, assumed a differ- 
ent aspect. On the pait of all those who had any 
reason to respect themselTcs, it assnmed a thoronghly 
respectful character. By this time, the dullest began to 
perceiTe diat the child was not hkdy to perish of any 
ecmgenital weakness or infantile disorder, but was grow- 
ing into a stalwart peis<Miage, upon whom mere goody 
scoldings and threat^iings with the birdi-rod were 
quite thrown away. 

In fact, those who haye watched the progress of sci- 
ence within the hst ten years will bear me out to the 
full, when I assert that there is no field of biological 
inquiry in which the influence of the ^ Origin of Spe- 
cies" is not traceable; the foremost men of science in 
every country are either avowed champions of its lead- 
ing doctruies, or at any rate abstain from opposing 
them ; a host of young and ardent investigators seek 
for and find inspiration and guidance in Mr. Darwin's 
great work; and the general doctrine of evolution, to 
one side of which it gives expression, obtains, in the 



**THE ORIGIN OF SPECIES." 319 

phenomena of biology, a firm base of operations whence 
it may condnct its conqnest of the whole realm of 
nature. 

History warns us, however, that it is the customary 
fate of new truths to begin as heresies and to end as 
superstitions; and, as matters now stand, it is hardly 
rash to anticipate that, in another twenty years, the 
new generation, educated under the influences of the 
present day, will be in danger of accepting the main 
doctrines of the ^' Origin of Species," with as Kttle re- 
flection, and it may be with as little justification, as 
so many of our contemporaries, twenty years ago, re- 
jected them. 

Against any such a consummation let us all devoutly 
pray ; for the scientific spirit is of more value than its 
products, and irrationally held truths may be more 
harmful than reasoned errors. 'Now the essence of the 
scientific spirit is criticism. It tells us that whenever 
a doctrine claims our assent we should reply,. Take it 
if you can compel it. The struggle for existence holds 
as much in the intellectual as in the physical world. 
A theory is a species of thinking, and its right to exist 
is coextensive with its power of resisting extinction 
by its rivals. 

From this point of view, it appears to me that it 
would be but a poor way of celebrating the Coming 
of Age of the '* Origin of Species," were I merely to 
dwell upon the facts, undoubted and remarkable as 
they are, of its far-reaching influence and of the great 
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f «HLowiag of aideni disomies who are oocapied in ^read- 
ing and dsrAjfing its doctrines. Mesre insanities and 
inanhies lare befoie now swollen to portentons size 
in the coarse of twentr jeai& Lrt ns rather ask this 
j^odigioos diange in opinion to justify itself; let us 
inq[iiire whedi^- anTthing has happened since 1859, 
which win ex^ain, on ladonal gronnds^ why so many 
are wocshipping that which they bnmed, and bnming 
that which diey woishipped. It is only in this way 
that we shall acquire the means of judging whether 
the moTement we have witnossed is a mere eddy of 
fashion, or truly one with Uie irreyersible current of 
intellectual progresE^ and, like it, safe from retrogres- 
sive reaction. 

Every belief is the product of two &ctors : the first 
is the state of the mind to which the evidence in favour 
of that belief is presented; and the second is the logi- 
cal cogency of the evidence itsdf. In both these re* 
spects, the history of biological science during the last 
twenty years appears to me to afford an ample explana- 
tion of the change which has taken place; and a brief 
consideration of the salient events of that history will 
enable us to understand why, if the ^^ Origin of Spe- 
cies ^ appeared now, it would meet with a very different 
reception from that which greeted it in 1859. 

One-and-twenty years ago, in spite of the work com- 
menced by Hutton and continued with rare skill and 
patience by LyeU, the dominant view of the past history 
of the earth was catastrophic. Great and sudden physi- 
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cal revolutions^ wholesale creations and extinctions of 
living beings, were the ordinary machinery of the geo- 
logical epic brought into fashion by the misapplied 
genius of Cuvier. It was gravely maintained and 
taught that the end of every geological epoch was sig- 
nalised by a cataclysm, by which every living being 
on the globe was swept away, to be replaced by a brand- 
new creation when the world returned to quiescence. 
A scheme of nature which appeared to be modelled on 
the likeness of a succession of rubbers of whist, at the 
end of each of which the players upset the table and 
called for a new pack, did not seem to shock anybody. 

I may be wrong, but I doubt if, at the present time, 
there is a single responsible representative of these 
opinions left. The progress of scientific geology has 
elevated the fundamental principle of uniformitarian- 
ism, that the explanation of the past is to be sought 
in the study of the present, into the position of an 
axiom ; and the wild speculations of the catastrophists, 
to which we all listened with respect a quarter of a 
century ago, would hardly find a single patient hearer 
at the present day. No physical geologist now dreams 
of seeking, outside the range of known natural causes, 
for the explanation of anything that happened millions 
of years ago, any more than he would be guilty of the 
like absurdity .in regard to current events. 

The effect of this change of opinion upon biological 
speculation is obvious. For, if there have been no 
periodical general physical catastrophes, what brought 
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die wwinnwi gaoenl extmctioiis and le-creations 
of life wliidi ne the eone^ondiiig biological catas- 
tropbeBf Andy if no sndi interruptioiis of the ordi- 
BUTCcHirae of nature baTe taken place in the oiganic, 
anj nx>re than in die inoiganic, world, what alternative 
is dieie to tLe adnussian of eYohition} 

The doctrine of evidation in biology is the necea- 
8UT rKolt of the logical implication of the principles 
of imifonnitarianism to die phenomena of life. Dar- 
win is the natunl snceeBSor of Hatton and LyeU, and 
die ^^ Origin of Species" the logical sequence of the 
"Principles of Geology." 

The fondam^ital doctrine of the ^Origin of Spe- 
cies," as of all forms of the dieory of evolation applied 
to bidogy, is ^that the innumerable species, genera, and 
families of organic beings widi which the world is peo- 
pled have all descended, each within its own class or 
group, from common parents, and have all been modi- 
fied in the coarse of descent." * 

And, in view of the facts of geology, it follows that 
an living animals and plants ^'are the lineal descend- 
ants of those which lived long before the Silurian 

epoch." t 

It is an obvious consequence of this theory of descent 
with modification, as it is sometimes called, that all plants 
and animals, however different ihey may now be, must, 
at one time or other, have been connected by direct 
or indirect intermediate gradations, and that the ap- 

 "Origin of SpedeB," ed. 1, p. 457. f -^*«^ P- *«8. 
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pearance of isolation presented bj various groups of 
organic beings mnst be nnreal. 

No part of Mr. Darwin's work ran more directly 
counter to the prepossessions of natoralists twenty years 
ago than this. And such prepossessions were very ex- 
cusable, for there was undoubtedly a great deal to be 
said, at that time, in favour of the fixity of species and 
of the existence of great breaks, which there was no 
obvious or probable means of filling up, between various 
groups of organic beings. 

For various reasons, scientific and unscientific, much 
had been made of the hiatus between man and the rest 
of the higher mammalia, and it is no wonder that issue 
was first joined on this part of the controversy. I have 
no wish to revive past and happily forgotten contro- 
versies ; but I must state the simple fact that the dis- 
tinctions in the cerebral and other characters, which 
were so hotly aflSrmed to separate man from aU other 
animals in 1860, have all been demonstrated to be non- 
existent, and that the contrary doctrine is now univer- 
sally accepted and taught. 

But there were other cases in which the wide struct- 
ural gaps asserted to exist between one group of ani- 
mals and another were by no means fictitious ; and, when 
such structural breaks were real, Mr. Darwin could ac- 
count for them only by supposing that the intermediate 
forms which once existed had become extinct. In a re- 
mai'kable passage he says — 

" We may thus account even for the distinctness of 
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whole clasBes from each other — ^f or ingtance, of birds 
from all other vertebrate animals — by the belief that 
many animal forms of life have been utterly lost, 
through which the early progenitors of birds were for- 
merly connected with the early progenitors of the other 
vertebrate dasses."* 

Adverse criticism made merry over sadi suggestions 
as these. Of couise it was easy to get out of the dif- 
ficulty by supposing extinction; but where was the 
slightest evidence that such intermediate forms between 
birds and reptiles as the hypothesis required ever ex- 
isted? And then probably followed a tirade upon this 
terrible forsaking of the paths of ^^ Baconian indao- 
tion." 

But the progress of knowledge has justified Mr. Dar- 
win to an extent which could hardly have been antici- 
pated. In 1862, the specimen of ArcJuBopteryXj which, 
until the last two or three years, has remained unique, 
was discovered; and it is an animal which, in its feathers 
and the greater part of its organisation, is a veritable 
bird, while, in other parts, it is as distinctly reptilian. 

In 1868, 1 had the honour of bringing under your 
notice, in this theatre, the results of investigations made, 
up to that time, into the anatomical characters of cer- 
tain ancient reptiles, which showed the nature of the 
modifications in virtue of which the type of the quad- 
rupedal reptile passed into that of a bipedal bird ; and 
abundant confirmatory evidence of the justice of the 

* " Origin of Species,'* p. 431. 
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condnsions which I then laid before you has since come 
to light. 

In 1875, the discovery of the toothed birds of the 
cretaceous formation in Korth America by Professor 
Marsh completed the series of transitional forms be- 
tween birds and reptiles, and removed Mr. Darwin's 
proposition that " many animal forms of life have been 
utterly lost, through which the early progenitors of birds 
were formerly connected with the early progenitors of 
the other vertebrate classes," from the region of hy- 
pothesis to that of demonstrable fact. 

In 1859, there appeared to be a very sharp and clear 
hiatus between vertebrated and invertebrated animals, 
not only in their structure, but, what was more impor- 
tant, in their development. I do not think that we even 
yet know the precise links of connection between the 
two ; but the investigations of Kowalewsky and others 
upon the development of Amphioanis and of the Tuni- 
ccUa prove, beyond a doubt, that the differences which 
were supposed to constitute a barrier between the two 
are non-existent. There is no longer any difficulty in 
understanding how the vertebrate type may have arisen 
from the invertebrate, though the full proof of the man- 
ner in which the transition was actually effected may 
still be la<5king. 

Again, in 1859, there appeared to be a no less sharp 
separation between the two great groups of flowering 
and flowerless plants. It is only subsequently that the 
series of remarkable investigations inaugurated by Hof- 
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meister has brought to light the extraordinary and alto- 
geiher unexpected modifications of the reproductive aj^ 
paratns in the Zyeopodiacec^ the Rhizooa/rpecB^ and the 
OyfnnogpermecBy by which the ferns and the mosses are 
gradnaUy connected with the Phanerogamic division of 
the vegetable world. 

So, again, it is only since 1859 that we have acquired 
that wealth of knowledge of the lowest forms of life 
which demonstrates the futility of any attempt to sep- 
arate the lowest plants from the lowest animals, and 
shows that the two kingdoms of living nature have a 
common borderland which belongs to both or to neither. 

Thus it will be observed that the whole tendency 
of biological investigation, since 1859, has been in the 
direction of removing the difficulties which the apparent 
breaks in the series created at that time ; and the recog- 
nition of gradation is the first step towards the accept- 
ance of evolution. 

As another great factor in bringing about the change 
of opinion which, has taken place among naturalists, I 
count the astonishing progress which has been made in 
the study of embryology. Twenty years ago, not only 
were we devoid of any accurate knowledge of the mode 
of development of many groups of animals and plants, 
but the methods of investigation were rude and imper- 
fect. At the present time, there is no important group 
of organic beings the development of which has not been 
carefully studied ; and the modem methods of harden- 
ing and section-making enable the embryologist to de- 
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termine the nature of the proceBS, m each ease, with a 
degree of minutenesB and accuracy which is truly aston- 
ishing to those whose memories carry them back to the 
beginnings of modern histology. And the results of 
these embryological investigations are in complete har- 
mony with the requirements of the doctrine of evolu- 
tion. The first beginnings of all the higher forms of 
animal life are similar, and however diverse their adult 
conditions, they start from a common foundation. More- 
over, the process of development of the animal or the 
plant from its primary egg or germ is a true process of 
evolution — a progress from almost formless to more or 
less highly organised matter, in virtue of the properties 
inherent in that matter. 

To those who are familiar with the process of devel- 
opment, all djpriori objections to the doctrine of biologi- 
cal evolution appear childish. Any one who has watched 
the gradual formation of a complicated animal from the 
protoplasmic mass, which constitutes the essential ele- 
ment of a frog's or a hen's egg, has had under his eyes 
sufficient evidence that a similar evolution of the whole 
animal world from the like foundation is, at any rate, 
possible. 

Yet another product of investigation has largely con- 
tributed to the removal of the objections to the doctrine 
of evolution current in 1859. It is the proof afforded 
by successive discoveries that Mr. Darwin did not over- 
estimate the imperfection of the geological record. 'No 
more striking illustration of this is needed than a com- 
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pariflon of onr knowledge of the Tnammalian f anna of 
the Tertiary epodi in 1859 with its present condition. 
M. Gtindry's researches on the fossils of Fikermi were 
published in 1868, those of Messrs. Leidy, Marsh, and 
Oope, on the fossils of the Western Territories of Amer- 
lica, have appeared almost wholly since 1870, those of M. 
Filhol on the phosphorites of Quercy in 1878. The gen- 
eral effect of these investigations has been to introduce 
to us a multitude of extinct animals, the existence of 
which was previously hardly suspected ; just as if zoolo- 
gists were to become acquainted with a coimtry, hitherto 
unknown, as rich in novel forms of life as Brazil or 
South Africa once were to Europeans. Indeed, the fos- 
sil fauna of the Western Territories of America bids fair 
to exceed in interest and importance all other known 
Tertiary deposits put together; and yet, with the ex- 
ception of the case of the American tertiaries, these in- 
vestigations have extended over very limited areas ; and, 
at Fikermi, were confined to an extremely small space. 

Such appear to me to be the chief events in the his- 
tory of the progress of knowledge during the last twenty 
years, which account for the changed feeling with which 
the doctrine of evolution is at present regarded by those 
who have followed the advance of biological science, in 
respect of those problems which bear indirectly upon 
that doctrine. 

But all this remains mere secondary evidence. It 
may remove dissent, but it does not compel assent. Fri- 
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mary and direct evidence in f avotur of evolntion can be 
f umished only by palsBontology. The geological record, 
so soon as it approaches completeness, must, when prop- 
erly questioned, yield either an afiSnnatiye or a n^ative 
answer : if evolution has taken place, there will its mark 
be left ; if it has not taken place, there will lie its refu- 
tation. 

What was the state of matters in 1859 ? Let us hear 
Mr. Darwin, who may be trusted always to state the case 
against himself as strongly as possible. 

^^ On this doctrine of the extermination of an infini- 
tude of connecting links between the living and extinct 
inhabitants of the world, and at each successive period . 
between the extinct and stiU older species, why is not 
every geological formation charged with such links? 
"Why does not every collection of fossil remains aflford 
plain evidence of the gradation and mntation of the 
forms of life? We meet with no such evidence, and 
this is the most obvious and plausible of the many ob- 
jections which may be urged against my theory."* v. 

Nothing could have been more useful to the oppo- 
sition than this characteristically candid avowal, twisted 
as it immediately was into an admission that the writer's 
vi^^ were contradicted by the facts of palaeontology. 
But, in fact, Mr. Darwin made no such admission. What 
he says in effect is, not that palseontological evidence is 
against him, but that it is not distinctly in his favour ; 
and, without attempting to attenuate the fact, he ac- 

» « Origin of Species," ed. 1, p. 468. 



830 THE COMING OF AGE OF 

counts for it by the scantiness and the imperfection of 
that evidence. 

What is the state of the case now, when, as we 
have seen, the amount of our knowledge respecting 
the mammalia of the Tertiary epoch is increased fifty- 
fold, and in some directions even approaches complete- 
ness? 

Simply this, that, if the doctrine of evolution had 
not existed, palseontologists. must have invented it, so 
irresistibly is it forced upon the mind by the study of 
the remains of the Tertiary maiomalia which have been 
brought to light since 1859. 

Among the fossils of Pikermi, Gaudry found the 
successive stages by which the ancient civets passed into 
the more modem hysenas ; through the Tertiary deposits 
of Western America, Marsh tracked the successive forms 
by which the ancient stock of the horse has passed into 
its present form ; and innumerable less complete indica- 
tions of the mode of evolution of other groups of the 
higher mammalia have been obtained. In the remark- 
able memoir on the phosphorites of Quercy, to which I 
have referred, M. Filhol describes no fewer than seven- 
teen varieties of the genus Cynodictis^ which fill up all 
the interval between the viverine animals and the bear- 
like dog Amphicyon ; nor do I know any solid ground 
of objection to the supposition that, in this Cyrudictu- 
Amphicyon group, we have the stock whence all the 
ViveridfiB, FelidsB, HyaBuidcB, Canidae, and perhaps the 
ProcyonidfiB and UrsidsB, of the present fauna have been 
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evolved. On the contrary, there is a great deal to be 
eaid in favour. 

In the coarse of summing up his results, M. Filhol 
observes :-^ 

^^ During the epoch of the phosphorites, great changes 
took place in animal forms, and almost the same types 
as those which now exist became defined from one an- 
other. 

^^ Under the influence of natural conditions of which 
we have no exact knowledge, though traces of them are 
discoverable, species have been modified in a thousand 
ways : races have arisen which, becoming fixed, have 
thus produced a corresponding number of secondary 
species." 

In 1859, language of which this is an unintentional 
paraphrase, occurring in the " Origin of Species," was 
scouted as wild speculation; at present, it is a sober 
statement of the conclusions to which an acute and 
critically-minded investigator is led by large and patient 
study of the facts of palaeontology. I venture to repeat 
what I have said before, that, so far as the animal world 
is concerned, evolution is no longer a speculation, but a 
statement of historical fact. It takes its place alongside 
of those accepted truths which must be reckoned with by 
philosophers of all schools. 

Thus when, on the first day of October next, the 
"Origin of Species" comes of age, the promise of its 
youth will be amply fulfilled ; and we shall be prepared 
to congratulate the venerated author of the book, not 
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science of medicine — a " pathol<^ " which has no more 
necessary BubserrieQce to practical ends than has zool(^ 
or botany. m 

The logical connection between this purely scientifie 
doctrine of diBease, or pathology, and ordinary bioli^, 
is easily traced. Living matter is cbaracterified b; its 
innate tendency to exhibit a definite series of the mor- 
pholo^cal and physiological phenomena which constitnte 
organisation and life. Given a certain range of condi- 
tions, and these phenomena remain the same, within 
narrow limits, for each kind of living thing. They fnt^ 
nish the normal and typical character of the q>ecieB, and, 
as snch, they are the snbject-matter of ordinary biology. 

Ontside the range of these conditions, the normal 
course of the cycle of vital phenomena is distorbed ; ab- 
normal Btmctore makes its appearance, or the proper 
character and mutual adjustment of the functions cease 
to be preserved. The extent and the importance of 
these deviations &om the typical life may vary indefi- 
nitely. They may have no noticeable influence on the 
general well-being of the economy, or they may favour it. 
Oq the other hand, they may be of such a nature as to 
impede the activities of the organism, or even to involve 

! perturbations are ranged nnder 
Bgue category of " variations ; " 
Jled lesions, states of poisoning, 
bid states, they lie within the 
No sharp line of demarcation 
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can be drawn between the two cXasses of phenomena* 
I^o one can say where anatomical variations end and 
tnmours begin, nor where modification of f onction, which 
may at first promote health, passes into disease. All 
that can be said is, that whatever change of stroctnre or 
function is hurtful belongs to pathology. Hence it is 
obvious that pathology is a branch of biology ; it is the 
morphology, the physiology, the distribution, the {etio- 
logy of abnormal life. 

However obvious this conclusion may be now, it wag 
nowise apparent in the infancy of medicine. For it is 
a peculiarity of the physical sciences, that they are in- 
dependent in proportion as they are imperfect ; and it 
is only as they advance that the bonds which really 
unite them all become apparent. Astronomy had no 
manifest connection with terrestrial physics before the 
publication of the " Principia ; ^ that of chemistry with 
physics is of still more modem revelation ; that of phys- 
ics and chemistry with physiology, has been stoutly de- 
nied within the recollection of most of us, and perhaps 
still may be. 

Or, to take a case which affords a closer parallel with 
that of medicine. Agriculture has been cultivated from 
the earliest times, and, from a remote antiquity, men 
have attained considerable practical skill in the cultivar 
tion of the useful plants, and have empirically estab- 
lished many scientific truths concerning the eonditions 
under which they flourish. But, it is within the mem- 
ory of many of us, that chexnistry pi^ the pne hand, and 

16 
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die odiery itUined a stage of 
aUe to famish a soimd 
Rimflariyy medicine took 
of mankiTid, At first, 
to anj cvdier lH«neh of knowl- 
indeed still to some extent 
Historicdlj, its connec* 
tioii witk die iHoIogial seienoeB has heeai slowly estab- 
Ikfaed, and die full extent and intimacy of that oonneo- 
tioii are only now L c giun iiig to be iqpparent. I tmst I 
haTe not been wiylatpn in anppoong that an attempt to 
gire a brief ak^di of the sfeepa by which a philosophical 
neeesitf baa beetnne an birtoffiail leaKty, may not be 
deroid of intcaest) poeobly of instraction, to the mem- 
ben of thk great CongresB^ j^of omidly interested as all 
are in die scientific development of medicine. 

The histoiy of medieine is more complete and fnller 
than thai of any oOier science, except, perhaps, astron- 
omy ; and, if we f oDow back the long record as far as 
dear evidence li^ts ns, we find onrselves taken to the 
early stages of the civilisation of Greece. The oldest 
hospitals w^fo the temples of ^scnlapins; to these 
Aflclepm, always erected on healthy sites, hard by fresh 
springs and snrronnded by shady groves, the sick and 
the maimed resorted to se^ the aid of the god of health. 
Yotive tablets or inscriptions recorded the symptoms, 
no less than the gratitude, of those who were healed ; 
and, from these primitlye clinical records, the half- 
- ' * '-^If-philoBopbiG caste of the Asclepiads cpmr 
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piled the data upon whicli the earliest generalisations 
of medicine, as an inductive science, were based. 

In this state, pathology, like all the inductive sciences 
at their origin, was merely natural history ; it registered 
the phenomena of disease, classified them, and ventured 
upon a prognosis, wherever the observation of constant 
co-existences and sequences suggested a rational expec- 
tation of the like recurrence under similar circumstances. 

Further than this it hardly went. In fact, in the 
then state of knowledge, and in the condition of philo- 
sophical speculation at that time, neither the causes of 
the morbid state, nor the rationale of treatment, were 
likely to be sought for as we seek for them now. The 
anger of a god was a sufficient reason for the existence 
of a malady, and a dream ample warranty for therapeu- 
tic measures ; that a physical phenomenon must needs 
have a physical cause was not the implied or expressed 
axiom that it is to us modems. 

The great man whose name is inseparately connected 
with the foundation of medicine, Hippocrates, certainly 
knew very little, indeed practically nothing, of anatomy 
or physiology ; and he would, probably, have been per- 
plexed, even to imagine the possibility of a connection 
between the zoological studies of his contemporary 
Democritus and medicine. Nevertheless, in so far as 
he, and those who worked before and after him, in the 
same spirit, ascertained, as matters of experience, that a 
wound, or a luxation, or a fever, presented such and such 
symptoms, and that the return of the patient to health 
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vision, ifl a process, and the chain of causation involved 
in that process. Disease, as we have seen, is a perturba- 
tion of the normal activities of a living bod j, and it is, 
and must remain, unintelligible, so long as we are ig- 
norant of the nature of these normal activities. In other 
words, there could be no real science of pathology until 
the science of physiology had reached a degree of per- 
fection unattained, and indeed unattainable, until quite 
recent times. 

So far as medicine is concerned, I am not sure that 
physiology, such as it was down to the time of Harvey, 
might as well not have existed. Nay, it is perhaps no 
exaggeration to say that, within the memory of living 
men, jilstly renowned practitioners of medicine and sur- 
gery knew less physiology than is now to be learned 
from the most elementary text-book ; and, beyond a few 
broad facts, regarded what they did know as of ex- 
tremely little practical importance. Kor am I disposed 
to blame them for this conclusion ; physiology must be 
useless, or worse than useless, to pathology, so long as 
its fundamental conceptions are erroneous. 

Harvey is often said to be the founder of modem 
physiology ; and there can be no question that the elu- 
cidations of the function of the heart, of the nature of 
the pulse, and of the course of the blood, put forth in 
the ever-memorable little essay, ^^De motu cordis," di- 
rectly worked a revolution in men's views of the nature 
and of the concatenation of some of the most important 
physiological processes among the higher animals ; while. 
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Bnty thoogh Htrrey made thiB signal and perenni- 
mDj impoitant eontributiaQ to the 'phjaology of the 
modems, his genenl eoneqition of vital processes was 
essentiallv ide&tieal with that of the ancients; and, in 
the ^£xercitati(»ieB de genemtioiie,'' and notablj in the 
singohr ch^vter ''De calido innato," he shows himself 
a true son of Gakn and of Aristotle. 

For Harvej, the blood poasesBes powers superior to 
those of the dements ; it is the seat of a sonl which is 
not cmly vegetatiTe, but 'also sensitive and motor. The 
blood maintains and fuhions all parts of the bodj, '^ id* 
qu.e snmmA cnm providentii et inteUectn in finem cer- 
tnm agens, qnasi ratiodnio qnodam nteretnr." 

Here is the doctrine of the *^ pnenma," the product 
of the philosophical monld into which the animism of 
primitive men ran in Greece, in foil force. Kor did its 
strength abate for long after Harvey's time. The same 
ingrained tendency of the hnman mind to suppose that 
A process is explained when it is ascribed to a "power of 
which nothing is known except that it is the hypothetical 
agent of the process, gave rise, in the next centmy, to 
the animism of Stahl ; and, later, to the doctrine of a 
vital principle, that " asylmn ignorantiae " of physiolo. 
gi»t8, which has so easily accounted for everything and 
exphined nothing, down to our own times, 
cie t r. ^ essence of modem, as contrasted with an- 
PJ^yaological science appears to me to lie in its 
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antagonism to animistic hypotheses and animistic phrase- 
ology. It offers physical explanations of vital phenom- 
ena, or frankly confesses that it has none to offer. And, 
so far as I know, the first person who gave expression 
to this modem view of physiology, who was bold enough 
to enunciate the proposition that vital phenomena, like 
all the other phenomena of the physical world, are, in 
ultimate analysis, resolvable into matter and motion, was 
Ken6 Descartes. 

The fifty-four years of life of this most original and 
powerful thinker are widely overlapped, on both sides, 
by the eighty of Harvey, who survived his younger con- 
temporary by seven years, and takes pleasure in acknowl^ 
edging 'the French philosopher's appreciation of his great 
discovery. 

In fact, Descartes accepted the doctrine of the circu- 
lation as propounded by "Harv»us m6decin d'Angle- 
terre," and gave a full account of it in his first work, 
the famous " Discours de la M6thode," which was pub- 
lished in 1637, only nine years after the exercitation 
" De motu cordis ; " and, though differing from Harvey 
on some important points (in which it may be noted, in 
passing, Descartes was wrong and Harvey right), he 
always speaks of him with great respect. And so im- 
portant does the subject seem to Descartes, that he re- 
turns to it in the ^^Trait6 des Passions," and in the 
'' Traits de THomme.'* 

It is easy to see that Harvey's work must have had 
a peculiar significance for the subtle thinker, to whom 
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ve ove both the spuitiialiBtie and the materialistie phi- 
knt^ihies of modem tiam. It was in the very jeu of 
its pabHcattoD, 1^8, that Descvtes vithdiew into tb&t 
life d BoMtmrj inrestigatku ud meditation of which 
his jdiiloeoidiy was the £niit. And, as the conree of his 
specolatitms led him to eatabliah an absoliite distinctiou 
of mtoje between the matcnal and the mental worlds, 
he was logical^ compelled to seek for the explanation 
of the phenomena of the material worid within itself; 
and having allotted the lealm of thought to the aonl, 
to see nothing bat eztendon and motion in the reel of 
Datnie. Deecaztes ubbb " thought " as the equivalent of 
onr modem term "eonsdonsness." Thought is the fanc- 
tion of the soul, and its fHilj fonctioo. Onr natimtl 
heat and all the movementB of the body, ssjs he, do not 
depend on the booL Death does not take place from 
anj' fonlt of the eonl, bnt only becaose some of the prin- 
cipal farts of the body become ooinipted. The body of 
a living man difiere &om that of a dead man in the aame 
way as a watch or other antomattm (that is to say, a ma- 
chine which moves of itself) when it is woond op and 
has, in itself, the phy^cal principle of the movements 
which the mechanism is adapted to perform, differa from 
the same watch, or other machine, when it is broken, 
and the physical principle of its movement no longer 
tions which are ctHnmon to ns and 
lepend only oo the conf ormatioD of 
oonise which die animal spirits take 
irvee, and the masdee ; in the same 
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way as the movement of a watcli is produced by noth- 
ing but the force of its spring and the figure of its 
wheels and other parts. 

Descartes' ^^ Treatise on Man " is a sketch of human 
physiology, in which a bold attempt is made to explain 
all the phenomena of life, except those of consciousness, 
by physical reasonings. To a mind turned in this direc^ 
tio^ Harvey's e^ion of the heart and vessels as a 
hydraulic mechanism must have been supremely wel- 
come. 

Descartes was not a mere philosophical theorist, but 
a hardworking dissector and experimenter, and he held 
the strongest opinion respecting the practical value of 
the new conception which he was introducing. He 
speaks of the importance of preserving health, and of 
the dependence of the mind on the body being so close 
that, perhaps, the only way of making men wiser and 
better than they are, is to be sought in medical science. 
** It is true," says he, " that as medicine is now practised, 
it contains little that is very useful; but without any 
desire to depreciate, I am sure that there is no one, even 
among professional men, who will not declare that all 
we know is very little as compared with that which re- 
mains to be known ; and that we might escape an infin- 
ity of diseases of the mind, no less than of the body, 
and even perhaps from the weakness of old age, if we 
bad sufficient knowledge of their causes, and of all the 
remedies with which nature has provided us."* So 

* ^ DiBCours de la M4thode," S* partle, Ed. Cousin, p. 198. 
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strongly impressed was Descartes with this, that he re- 
solved to spend the rest of his life in trying to acqnire 
such a knowledge of nature as would lead to the con- 
struetion of a better medical doctrine.^ The anti-Car- 
tesians found material for cheap ridicule in these aspira- 
tions of the philosopher ; and it is abnost needless to say 
that, in the thirteen years which elapsed between the 
publication of the ^^Discours" and the death of Des- 
cartes, he did not contribute much to their realisation. 
But, for the next century, aU progress in physiology 
took place along the lines which Descartes laid down. 

The greatest physiological and pathological work of 
the seventeenth century, Borelli's treatise ^^De Motu 
Animalium," is, to all intents and purposes, a develop- 
ment of Descartes' fundamental conception; and the 
same may be said of the physiology and pathology of 
Boerhaave, whose authority dominated in the medical 
world of the first half of the eighteenth century. 

"With the origin of modem chemistry, and of elec- 
trical science, in the latter half of the eighteentli cen- 
tury, aids in the analysis of the phenomena of life, of 
which Descartes could not have dreamed, were offered 
to the physiologist. And the greater part of the gigan- 
tic progress which has been made in the present century 
is a justification of the prevision of Descartes. For it 
consists, essentially, in a more and more complete reso- 
lution of the grosser organs of the living body into 
physico-chemical mechanisms. 

• ** Disoonn de la M6t1iode,'* 6* partie, Ed. Cousin, pp. 198 and 211. 
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" I shall try to explain our whole bodily machineiy 
in Buch a way, that it wiU be no more necessary for na 
to suppose that the soul produces such movements as 
are not voluntary, than it is to think that there is in a 
clock a soul which causes it to show the hours/' * These 
words of Descartes might be appropriately taken as a 
motto by the author of any modem treatise on physi- 
ology. 

But though, as I think, there is no doubt that Des- 
cartes was the first to propound the fundamental concep- 
tion of the living body as a physical mechanism, which 
is the distinctive feature of modem, as contrasted with 
ancient physiology, he was misled by the natural tempta- 
tion to carry out, in all its dietails, a parallel between the 
machines with which he was famiUar, such as clocks and 
pieces of hydraulic apparatus, and the living machine. 
In all such machines there is a central source of power, 
and the parts of the machine are merely passive distrib- 
utors of that power. The Cartesian school conceived of 
the living body as a machine of this kind ; and herein 
they might have learned from Gblen, who, whatever ill 
use he may have made of the doctrine of " natural facul- 
ties," nevertheless had the great merit of perceiving that 
local forces play a great part in physiology. 

The same truth was recognised by GKsson, but it 
was first prominently brought forward in the Hallerian 
doctrine of the " vis insita" of muscles. If muscle can 
contract without nerve, there is an end of the Cartesian 

* " De la Fonnation da Foetus.'* 
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of its eontnetioa bj the inflaz 



The dinopfoei of TrenUej tended in the same dL- 
leetkn. In the ireabwater Ify^ra, no tnoe was to be 
feond of that cianpliratfd maduneiy npcm which the' 
perfonnanee of the funetiona in the hi^ier animals was 
anppoeed to depend. And jei the hydra moved, fed 
gtewj mnhijJied, and its fiagmentB exhibited all the 
powcfB of the whole. And, finallj, the woik of Caspar 
F. WciSj* by demonstrating the fact that the growdi 
and derelopnient of both plants and animals take place 
anteeedentl J to the existence of thdr groeaer oi^gan% and 
are, in fact, the caoaes and not the conseqnenoes of or- 
ganisation (as then nndentood), sapped the f oondations 
of the Oartesian phjaologf as a ccHnplete expression of 
▼ital {^enomena. 

For Wolff, the physical basis of life is a flnid, pos- 
sessed of a ^Tis essentialis" and a ^solidescibilitas," in 
virtne of which it gives rise to oiganisation ; and, as he 
points ont, this condnsion strikes at the root of the whole 
iatro-mechanical system. 

In this conntry, the great authority of John Hunter 
exerted a similar influence ; though it must be admitted 
that the too sibylline utterances which are the outcome 
of Hunter's struggles to define his conceptions are often 
susceptible of more than one interpretation. Keverthe- 
lessy on some points Hunter is dear enough. For exam- 
PH he is of opinion that " Spirit is only a proper^ of 

• " TheoiU Generationis,'' 1769. 
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matter " (" Introduction to Natural History," p. 6), he is 
prepared to renounce animism {I. c. p. 8), and his con- 
ception of life is so completely physical that he thinks 
of it as something which can exist in a state of com- 
bination in the food. ^' The aliment we take in has in 
it, in a fixed state, the real life ; and this does not be- 
come active until it has got into the lungs ; for there it 
is freed from its prison" ("Observations on Physiol- 
ogy," p. 113). He also thinks that " It is more in ac- * 
cord with the general principles of the animal machine 
to suppose that none of its effects are produced from any 
mechanical principle whatever ; and that every effect is 
produced from an action in the part ; which action is pro- 
duced by a stimulus upon the part which acts, or upon 
some other part with which this part sympathises so as 
to take up the whole action " {I. c. p. 152). 

And Hunter is as clear as Wolff, with whose work 
he was probably unacquainted, that "whatever life is, 
it most certainly does not depend upon structure or or- 
ganisation " (Z. e. p. 114). 

Of course it is impossible that Hunter could have in- 
tended to deny the existence of purely mechanical opera- 
tions in the animal body. But while, with Borelli and 
Boerhaave, he looked upon absorption, nutrition, and se- 
cretion as operations effected by means of the small ves- 
sels, he differed from the mechanical physiologists, who 
regarded these operations as the result of tiie mechanical 
properties of the small vessels, such as the size, form, 
and disposition of their canals and apertures. Hunter, 
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on the contraiy, considers them to be the effect of prop- 
erties of these vessels which are not mechanical but vi- 
tal. " The vessels," says he, "have more of the polypns 
in them than any other part of the body," and he talks 
of the "living and sensitive principles of the arteries," 
and even of the " dispositions or feelings of the arteries." 
" When the blood is good and gennine the sensatiiHis of 
the arteries, or the dispositions for sensation, are agree- 
able. ... It is then they dispose of the blood to the 
best advantage, increasing the growth of the whole, 
supplying any losses, keeping np a due succession, etc" 
(I. c. p. 133). 

If we follow Hunter's conceptions to their logical 
issue, the life of one of the higher animalfl is essentially 
the sum of the lives of all the vessels, each of which is 
a sort of physiological unit, answering to a polype ; and, 
as health is the result of the normal " action of the ves- 
sels," so is disease an effect of their abnormal action. 
Hunter thus stands in thought, as in time, midway be- 
tween Borelli on the one hand, and Bichat on the other. 

The acute founder of general anatomy, in fact, out- 
does Hunter in his desire to exclude physical reason- 
ings from the realm of life. Except in the interpreta- 
tion of the action of the sense organs, he will not allow 
physics to have anything to do with physiology. 

" To apply the physical sciences to physiology is to 
explain the phenomena of living bodies by the laws of 
inert bodies. Kow this is a false principle, hence all its 
consequences are marked with the same stamp. Let us 
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leave to chemistry its affinity; to physics, its elasticity 
and its gravity. Let ns invoke for physiology only sen- 
sibility and contractility."* 

Of all the unfortunate dicta of men of eminent abil- 
ity this seems one of the most unhappy, when we think 
of what the application of the methods and the data of 
physics and chemistry has done towards bringing physi- 
ology into its present state. It is not too much to say 
that one half of a modem text-book of physiology con- 
sists of applied physics and chemistry; and that it is 
exactly in the exploration of the phenomena of sensi- 
bility and contractility that physics and chemistry have 
exerted the most potent influence. 

Nevertheless, Bichat rendered a solid service to 
physiological progress by insisting upon the fact that 
what we call life, in one of the higher animals, is not 
an indivisible unitary archaeus dominating, from its cen- 
tral seat, the parts of the organism, but a compound 
result of Ihe synthesis of the separate lives of those parts. 

^^All animals," says he, ^^are assemblages of differ- 
ent organs, each of which performs its function and 
concurs, after its fashion, in the preservation of the 
whole. They are so many special machines in the 
general machine which constitutes the individual But 
each of these special machines is itself compounded of 
many tissues of very different natures, which in truth 
constitute the elements of those organs" {I. c. Ixxix.) 
*^ The conception of a proper vitality is applicable only 

* '* Anatomie gfo^rale," L p. Ut. 
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mal biology, was swiftly followed by a " cellular pathol- 
ogy," as its logical coanterpart I need not remind 
you how great an instrament of investigation this doc- 
trine has proved in the hands of the man of genins 
to whom its development is due, and who would prob- 
ably be the last to forget that abnormal conditions of 
the co-ordinative and distributive machinery of the body 
are no less important factors of disease. 

Henceforward, as it appears to me, the connection 
of medicine with the biological sciences is clearly de- 
fined. Pure pathology is that branch of biology which 
defines the particular perturbation of cell-life, or of the 
co-ordinating machinery, or of both, on which the 
phenomena of disease depend. 

Those who are conversant with the present state of 
biology will hardly hesitate to admit that the concep- 
tion of the life of one of the higher animals as the sum- 
mation of the lives of a cell aggregate, brought into 
harmonious action by a co-ordinative machinery formed 
by some of these cells, constitutes a permanent acqui- 
sition of physiological science. But the last form of 
the battle between the animistic and the physical views 
of life is seen in the contention whether the physical 
analysis of vital phenomena can be carried beyond this 
point or not. 

There are some to whom living protoplasm is a sub- 
stance, even such as Harvey conceived the blood to be, 
^^summd cum providentid et inteUectu in finem certum 
agens, quasi ratiocinio qnodam;" and who look with 
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as little favour as Bichat did, upon any attempt to 
apply the principles and the methods of physics and 
chemistry to the investigation of the vital processes of 
growth, metabolism, and contractility. They stand 
upon the ancient ways ; only, in accordance vrith that 
progress towards democracy, which a great political 
writer has declared to be the fatal characteristic of 
modem times, they substitute a republic formed by a 
few billion of "animulae" for the monarchy of the 
all-pervading " anima." 

Others, on the contrary, supported by a robust faith 
in the universal applicability of the principles laid down 
by Descartes, and seeing that the actions called '^ vital " 
are, so far as we have any means of knowing, noth- 
ing but changes of place of particles of matter, look 
to molecular physics to achieve the analysis of the liv- 
ing protoplasm itself into a molecular mechanism. If 
there is any truth in the received doctrines of physics, 

• that contrast between living and inert matter, on which 
Bichat lays so much stress, does not exist. In nature, 
nothing is at rest, nothing is amorphous; the simplest 
particle of that which men in their blindness are pleased 
to call ^^ brute matter " is a vast aggregate of molecular 
mechanisms performing complicated movements of im- 
mense rapidity, and sensitively adjusting themselves to 
every change in the surrounding world. Living matter 
differs from other matter in degree and not in kind; 

^the microcosm repeats the macrocosm; and one chain 
of causation connects the nebulous original of suns 
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and planetary systems with the protoplasmic foundation 
of life and organisation. 

From this point of view, pathology is the analogue 
of the theory of perturbations in astronomy; and 
therapeutics resolves itself into the discovery of the 
means by which a system of forces competent to elimi- 
nate any given perturbation may be introduced into the 
economy. And, as pathology bases itself upon normal 
physiology, so therapeutics rests upon pharmacology; 
which is, strictly speaking, a part of the great biological 
topic of the influence of conditions on the living organism, 
and has no scientific foundation apart from physiology. 

It appears to me that there is no more hopeful indica- 
tion of the progress of medicine towards the ideal of 
Descartes than is to be derived from a comparison of the 
state of pharmacology, at the present day, with that 
which existed forty years ago. It we consider the 
knowledge positively acquired, in this short time, of the 
modus aip&rcmdi of urari, of atropia, of physostigmin, of 
yeratria, of casca, of strychnia, of bromide of potassium, 
of phosphorus, there can surely be no ground for doubt- 
ing that, sooner or later, the pharmacologist will supply 
the physician with the means of affecting, in any desired 
sense, the functions of any physiological element of the 
body. It will, in short, become possible to introduce 
. into the economy a molecular mechanism which, like a 
• very cunningly-contrived torpedo, shall find its way to 
some particular group of living elements, and cause an 
explosion among them, leaving the rest untouched. 
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The search for the explanation of diseased states in 
modified cell-life; the discovery of the important part 
played by parasitic organisms in the aetiology of disease ; 
the elucidation of the action of medicaments by the 
methods and the data of experimental physiology; ap- 
pear to me to be the greatest steps which have ever been 
made towards the establishment of medicine on a scien- 
tific basis. I need hardly say they conld not have been 
made except for the advance of normal biology. 

There can be no question, then, as to the nature or 
the value of the connection between medicine and the 
biological sciences. There can be no doubt that the 

» 

future of pathology and of therapeutics, and, therefore, 
that of practical medicine, depends upon the extent to 
which those who occupy themselves with these subjects 
are trained in the methods and impregnated with the 
fundamental truths of biology. 

And, in conclusion, I venture to suggest that the col- 
lective sagacity of this Congress could occupy itself with 
no more important question than with this: How is 
medical education to be arranged, so that, without en- 
tangling the student in those details of the systematist 
which are valueless to him, he may be enabled to obtain 
a firm grasp of the great truths respecting animal and 
vegetable life, without which, notwithstanding all the 
progress of scientific medicine, he will still find him- 
self an empiric? 

THB END. 



>.>'. 



•• '■ 






*i 




fri 



"i/jis'i 



a bios QIQ Ibl 235 




STANFORD UNIVERSITY LIBRARIES 

CECIL H. GREEN LIBRARY 

STANFORD, CALIFORNIA 94305-6004 

(415) 723-1493 

All books may be recoiled after 7 days 

DATE DUE 




i!!iii:ijiir 



fiitif 

iiiiiligls;: 



